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~ (FFA-CLA) lfl~~-2;-*tL -cv \Q3::ft CIA :'lt~f*,J:, 9c,11tCIA, 10~12c-CIA C'~ ~, f:O) 
-2;-i!'J:~l~l~i!-ri.boo 
:_O)FFA-CIA~J:)R~Jljj~O)t~-cGbQo ~0)~~1t~~jf~~0v\-c,J:, !J J-J~ 
~M~~ Lt~~ft~~~ti~-c'V J-J~J:: ~~ft~n~4 v\-=. ~iJ~~~~n -cv\Q 14>o Li6~L, 
-t-n~~O)~~ft~tiW~~'0v \-c,:t'itZ:W&~n -cv \ftv \ 0 'it~, CIA A't~f*O)~M~O)Jv=¥­
'J:~~C'Gb '?, ~A,t11$:¥-flfO)~t1'~~-toiiJf~'J:*fZ:+)J'itbtL -cjOG-f, 4-f~O)iiJf~O)'**iJ~ 
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JI~H~~" y·c'J:~< O)ftiJ~ft~n-cv \go :.O)J: 5 ,:., CIA ':t$< o:>fm · *-H~~~-0:. ~7J~ 
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1. 1t~m1a <itm~J: ?ffE-TJW) 
B. ~&~frec5c~ (~~itc5c~, m:; v ;v~-1'Fffl) 
9. MllH~JJjjlMrO)/FMllf~:toJ:V:r:.-1 ::t'"!J- /-1 tt~1:j!pfff'JtFffl 
10. ~ft/ffi{~f&? 
11. 1ru~})jj · ~ CLA ~LO)~~ (~L.tt:) 
12. JmljJlJffiiJ ~p) 
13. -{-O)(if! 
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• 4 II CLA A11i*C1)J.:I:Jitlft 
~iJrJi-c~~t~ CIA O)j::g~,~M-9 Q,fiJf~'J:, ~ 2 ~c~~t~ !J J-~~~7 ;v7J !J Jl~f~ L 
-c~~Gnt~ 9c,lltCIA ~ 10~12~CIA O)~ftm~~~,fJf-f~ L -c1tbn -c~t~ 25·.27)0 Lt~iJ~ 
0 -c.tiJF~OO~a¥:3~, ~fl~t~Q · *H~ri 9c, lltCIA ~ 10 ~ 12~CIA iJ~~!k~ Q v \':tm~ 
L -c~~L -cv\Q bO)~~;tGn -cv \t~ 
C::. ~iJ~~ili,~f~0 -c, ~ofmO)~LiJ~MIBJJ?l'~~,J 9 Q!tl~J~:1J-*'J: 9c,lltCIA '~J: o.:. ~ iJ~ 
~~(L28\ ~-~ttf*li!!)1fO)j::g~tJ~al3 ~noJ:? '~t~0t~ mtE*~':., Park G 19. 29.30)':1: 
10~12~CIA iJ~{*H~JIIJ~1"FJf.H~1'15cJJ~~Q =. C: ~~ L, f#PlE G 31. 32> 'J: 10~12~CIA iJ~rkJJJ.IIJ~JJJJ 
0)~~1!11$1J L, ~fW3J:VlfnrpO)ij~Jt?IJ.l ~ff~'~fltT~ito.:. C:, *f:_.x.;f;v:¥-1-t~tS:~ff 
~'~Jcifh-tQ:. C: t~~ L -cv \Qo =.nGO)~-*J: '?, 9c,lltCIA 'J:~QfiO)iJ~!v*'lBJJ~H~x,J 9 o 
Jf~1fi'Jf't=ffl~1fL, 10~12~CIA 'if*H~JV5~1'Fffl~ffL -cv \o C:~~~n -cv \Qo 
-tJ, _AO)lfn.tRH~WtJ~G 9c,lltCIA iJ~~tH~tL 33\ =.nG,i1 :A'~'J: C:~C:-to~~oO)t?! 
l&:S:,~Jtf9tl L!WOTQ =. C:t.J~?1f.J\0t~ 34. 35)0 =.O)~f.J\G, ~-JE*O) 9c;lltCIA 'J:A -cil_&J&~ 
ho::.C:iJ~fft3tU~tLoo *f~, 7~;vf~~nt~9c,lltCIA, 10~12cCIA, ~v~/~, !JJ-;v 
~1rA'::~4L, 1J~o3:~o/ (!l*'mf30)- fl, ~!J7~Jv~'' !)-eo-;v (TAG) iJ~±JJX:?t (~ 
90%) -c-, ,J,H~n~G~~~nt~;;..~~tt <tt~t1> O)TAG ~!v-c-v\o) '=PH~W,~.X19 o~J&~~~ 
t=~-c,±, ~v~ /~, !J J-;~'~lt~, f.lij CIA ~t1:1*iJ~*l20% -fttv\~*C:t~0t~ 36)0 ~ 
t=7 'Y ~~,'1, ntij~fif*O)~~iJ~ij~J)Jj~~~--?-ct, ~t~, ~fl0)7~;v~''!)to-;v~~0-ct 
nw~O)JJ&Jf5l.~'J:IRJ c: -c~o e: O)¥a'eft&.>o 37>0 AC:JJJ¥JJ-c'J:~~$iJ~~t~o RJ~~tit lboiJ~, 
CIA O)~'tif*~1f0)1::~t1,i, ~l&~~~::J:: QM-c,J:tt ~ ~? -clbQ0 
=.O)J: 5 '~CIA O)~f1f*U!iJff0)1:.~iJ '::ft0-c < Q C:, ~M CIA ~tif*O):k 
li#t*~7J~~~~;(LQ J: 5 ~::ft0 -c < Q 0 ~:. -c-, fflJt&O) FFA-CIA (itJQ v \':t~M !J J -;~t.J~G 
WmL-t= CIA ~fi~~~~f~~ L -cfflv\, 9~lltCIA C: 10~12cCIA ~?ti®, m~-t 
oh'ltO)fm~iJ~~Gn, ::.n7J~\]·~nt= <~3ii!$~)0 ciA 0) 2 00)Jftt~f*O)::kat~tJ~RJ 





!J /{-~':t!Q:WllJ]Jj~.:r:..A 7 ;vO):r:..A 7 ;vtffii1~1J071<7J"M-t QM#~~Qo -~'~':t~*cp 
0)7J<~:It;O~~v"~1JD71<7J'"M;O~fl)fci¥J'~~1-JL, 71<7J'it~mtHw-tQ ~-f:O)~~N-JQ:r...A-T;v{~ 
~t~9W.l-9o as)o ~t~, *~~JJDL -cv\fctv\~*~':t.:r...Ar;~~~t~~.t-tQ:. ~tJ~:ffiGtL 
lV \Qo ISJ 1-3 ~:_ifhijil1JDI,~lj}f.J~~ Q !J /{-'"f!~~~To 
1 JJD71<7J'"M (Hydrolysis) 
ROCOR1 + H20 ~ ROH + R1COOH 
2 x.A =;-Jv1l:: (Esterification) 
R10H + R2COOH ~ R10COR2 + H20 
3 I .A=;-Jv~~ (Transesterification) 
3.1 7 ~ }'' !) ~.A (Acidolysis) 
ROCOR1 + R2COOH ~ ROCOR2 + R1COOH 
3.2 7 ;v::z !) ~:A (Alcoholysis) 
R10COR + R20H ~ R20COR + R10H 
3.3 n~rt=t,.:C.A T Jv~~ (lnteresterification) 
R10COR2 + R30COR4 ~ R10COR4 + R30COR2 
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• 2ll 1) I ~--ti(l)&Jt~Ati 
!J /{-~0)8%=-ti,J:, ij~J)jjft~~ti, 7 ;v::z-;~~~ti, fft~%=~~t1, TAG ~~~t1, :fOJ: 
r.J7 ~ Jv~' !J t P-~~~t!~~7]-~ Q :. ~ ~~"1:~ Qo 
2.1 
~/{-~(J)H~tctQnan~~mfi)t9 Qn~JJJJ~'J:, m*~~~~~-tQ~~ ~*~4 ~r), cr~ 
<ER*f,{ 6~ 10), ~ ~*~ 12 £AH n~JJJJ~~~7t~-t Q =- e: ~~""t:~, 2 e~~~~~ ~ -t Q ~, 
Mon~JJJJ~, /FMon~JJJJrur, ~It (~ /FMoH~J)jj~(J) 3 fi~Jn=7t~~tLQo J(?t'~ t0 ~ t~ 
~ \MoH~JJjj~'iiR*~~ 16 dJQ v \'i 18 ~~ 'J, ~ t:./FMon~JJJJM,J:/FMo*6~~ 1 n~G 3 00~0 
ij~JJJJ~C'~Qo ~/'\-~O)ij~JJJJ~'~x19 Qftfflt~'J:, ij~J)Jj~O)fR~~ ... 2 e~~~~O):fJJv* 
~~mn~GO)f:V:fi~~J:-0-c~ft-tQo ~~~Mo, ~Mon~JJJJ~~~*Q !]/{-~O)f'J=ffl~t~,J:~ 
lt~Moff~J)jj~~~* o ftffl~t~J:: 'J t ~v \fJ~, Pseudomonas ~, Burkholderia ~ ... Alcahgenes ~ 
(J) V /{-~,J:~lt/FMoff~JJJJ~~~ t!:~~~ < f'Fffl-9 o 39>0 *'*~O)m 3 ~C'fi Candida rugosa 
V /{-~O)ij~JJJJ~-t1~flj}f] L, 9c;lltCLA, 10412~CLA 1r?tOOi-tQt::600)ocr,t*~~ Lt:: 
~5Vd~0~ \-'(~~Qo 
2.2 
!J /"-~'iTAG 0) 3 00).:r..A7Jv~~0){1L~~~~Too ~O)f'J=ffl~ti,~J:: ~, 1,3-{l[O).:r..A'T!v 
~~O)~~~a-t o 1,3-11L~~1\,lt1 v /{-~, 3 00)::r....A 7Jvfffi~~~-c~a-t Q~~~a9 !J /"-i? 
0) 2 0~~0'm-9 Q =. C: 7J~C'~ oo TAG (}) 2-{l[O)::r....A 7 ;v~~~fl:)tt3"]~~1.J071<.5JiWT oM*,iffi'± 
-to7J~, 2-{ll:O).:r..A-T;v~~t~~t~~~-to !J /'\-i!0)1#£fi~t:.'~15-~n -cv \ftv \ *iJf~-c:M! 
ffl Lt~ Pemcillium camembertii !J /{-~':t 1,3·f)f:~At1 V /{-i?, Candida rugosa !J /{-~':t* 
~~ !J /{-~C'&1Joo 
2.3 7 Jv:::J-J 
V /{-~(})7 ;v::z-;~At1,:t11L~~At1~ tM L -cv \oo !J /{-~'i 1 tt&7 Jv::I-Jv (7'' !) 
-e !J './(}) 1,3-{)f:(}):r..Ar ~~~) O)~'~f'Fffl-to tO)~, 1 {ffk7 ;v::z-;viOJ::V 2 tt&7 ;v::z-;v (~' 
!J -e ~ './0) 2-fft(J):r:.Ar;~~) '~f'FfflTQ tO)iJ~~oo *f~, ~ 3 firc~~t~_,UJf~cfiJffl Lt~ 
Candida rugosa !) /{-~~J:7?!) Jv7 Jv:::I-Jv~H ~To~, ~:iv \ij~JJjjM:Att~~4ifii o o 
::.(!)J:? ~~7 Jv::I-Jv(l)U7J~~t>o ~nllJVJ~AID~*~ < ~1~o::. ~ t~Gn -cv \o 40· 41>0 
8 
2.4 TAG .,......!! 
v / {-~':t1'FJ=f}tiO)~v \n~IIJj~t~~t-c:~PX:~nQ TAG ~Jm < 1Jo7J<?:J'M ~, f'Fffl~tiO)~v \ijijiiJj~ 
C'~!JX~tLQ TAG 'i5J'M ~'= < v \ltiW~¥-¥00 ::.O>t1W,J:133q:. G'::J: 0-c TAG ~~~tic!::~1t~t G 
:h -cv \Q 42)0 ::.n':t~v,.f /M: (OA) c!:: t:'::z-if"~:¥-~:r:/~ (DHA) ~li4Jftlllj})jjM:c!::-9 Q 4 fi~O) 
TAGi~~ (DHA-DHA-DHA, DHA-DHA-OA, DHA-OA-OA, OA-OA-OA) ~Candida rugosa 
!J /{-~C'JJ071<7J'M Lt~ c!:: ~,TAG i?~G OA 73~-~ -c < Qi®t,J:, OA-OA-OA> DHA-OA-OA> 
DHA-DHA-OA> DHA-DHA-DHA O)}l~';:ft0 t~ c!:: v \? ~J~J;:£0v \-cv \Qo 
2.5 7~JJ.,~ 1)-t!C-JJ.,MJI:'fi 
DHA ~~Jftll~M1JIDr~TQ.:C / ~~~v~l' !J tn-;v (MAG), ://~Jv~l, !J tn-;v (DAG), TAG 
';:_x,j 9 Q Geotricum candidum !J /{---f!O)r~~ti~i.ftU~-9 Q c!::, .:c J DHA > :/ DHA > ~ V 
DHA O)JIIJH::JJoll<?J'M~tLQo ::_O)~A~ti,i/~;v~,, V to-;~-~t:tc!::~ft~t Gtt -cv \Q 43)0 m 
2 ~C'fflv \Q Pemcilh·um camembertii V /{-~'i, £W c!:: L -c MAG ~ DAG ~~~TQZJ~, 
TAG ~'i ~ lv ~~~ Lftv \ 44) ~ v \? ~t1W~ffjffl L -c MAG ~~'*T 6 o 
9 
• •• •• • · -- • • - .... ~ ..... f'.t. ',..: -; ·.·.t.·=~--.,. . .,. . __ ,..._ _ _ 
~ 1 ~ ~ 11tnc~~t~J: 5 ~:. CLA ,i, f*n~JliJ1~1'FJfJ, tJLlJJ~~J!f~f'FJf.k tfi:iO\M'fffl, tfi:1:.M-
~tltfr31'Ffflft c'~k ttU · *Hfru~f-fL -cl.t \Qo ::.0)1:.~frutJ~t±~ ~n, *-9-tkiHJlu 
-rlbQ~tiJliJM (FFA) iO~*l€1m~£~ L -c001e~nt~iJ~, FFA 'i!M=f-fO)~I~fi~~i?m'*t 
~" \ 0 ::.O)rJ:I~fA~W~-9Qt~&9':. FFA 0)7~;v~i' v to-;vf~iO\~~~n, ~1£-r,:t, it£~ 
L -cffiJt&~h -cv \Qo Lir~ L, Q · *H"fre~~0 t~jtJflu*f.t ~ L -c, CLA O)fiJfflffl~~ ~ G '~ 
tlt:kTQ'~'i, *'~m~tftv \ FFA ~TAG 0)~~-c'i~H~iJ\~Qo -t-:. c~~Lf~itJfliJ~f~O) 
CLA O)fljffl~~AEL, ~Lf~~J ~ L -c~< ontJfliJ'~IJ}f] ~h -ctt \Q.:C J 7~Jv~" !J t o-Jv (MAG) 
~~!J ~'' Vt !J /ij~JlJJM:c.A7;v (PGFAE) ':.~§ Lt~ *~-r,i, ft~~fljffl Lt~ CLA ~ 
--5tr MAG (MAG-CLA), j:OJ:LJPGFAE O)j::£1J'{t~~~\.t \-c~~Q0 
M 1 l1i MAG-CLA (])H 
MAG 'i,&Jtft~Lf~~J-r~~, it~~JJD~C: L-c~'i~'~fd~Q'~rfbn-ctt\o 45)0 ::O)MAG 
,i, nJ)ij~ (TAG) ~ 210----240°C -c'~,, !J to !J ~.A-to:. C: '~J: 0 -ci~(:tim~h -cl.t \o 46)0 :_0) 
m&h-rt,i*1iffi-c'*~':.~}r-¥(J)J:" \"Eltc L -ctt~n -ctt \QtJi, ~ilffi.r-c'O)~-c'lhot~~, ~ 
~f~':.ML -c~*~ftff~JijjlfiO) MAG (J)~'~M-9Q:. c''i-r~fttt \ -7J, M*'iilffi.fo-c'tr~ 
~, ~J,€3HJ)fEr-c't5CJJ$J: < ~~!t&~-9o0)-c', /F9:/EftH~}jjj~O) MAG O)~!JX:~~ID1J-rlbQ c 
rm~noo 
-=:n'i-c:~< 0)-liJF~*iJ~!)/{-~~ 0JD71<5J'M, I.A7fv{~, ?''!Jto !J ~.A, .:1:.~; !J ~:A 
tt ~') ~fum L,t~ MAG ~JJt/J'lt~m L, -r" \Q 47-52>0 L,t.J~ L,, :.nG(J)~(J)~< 'i•mtt 
~M ~t~&J~~~;,*-c:tb ~, I~tf"JUJJ'ltc L, -c~L -ctt \o c'i~v \-v \0 -7J, v \< --Jn:\0)-
mtrt~~tctv \&J~~'*t¥«15 ~h -cv \oo McNeill G 53> 'm~,~~iU~r,fftiJ~G TAG~ 
?''!Jto !J ~.ATo~*~mL-rv\oo =-O)~*~f*ffl-tttA:f, ~ff~Jjjj~lbov\'J:~;x 
/~0) MAG ~YT o :: c 'i-r~ Q tj~, ~MlJltO)~v \HM}jjjfi (2 ~if~ 2 ~fAJ::¥.¥0H~Jjjj~ 
0) MAG ~~fi)G""4 o:. c 'J:-c'~ fctv \ ~ t~JlJ l=l G 44> 'i Penicilh·um camembertii O).:C J :[OJ: V:/ 
~, 11 t !J ~, !J /{-t! (fA~ !J /{-t! e:~-t) ~~.tc L -c.m~ \, ;t-v~ /fie~, v t !J /~.:I:.A 7 
Jvft L -r MAG ~-E'IJXi Qbi)~~,*~M Lt~ LtJ~ L:.O)~*-c''i, TAG 'J:-E''*~hfctv \tV9V9, 
MAG c '~~~W:liV9:/7~Jv!/' !J to-;v (DAG) t~.fiX~tLt~ ~ G,::., TAG ~JJ! (35 .=f-Jv 
10 
~J:) (J)::r..~ J-;v-c'7 ;v::z !J ~.A Tot, TAG (J) 90% ~l:~ 2·MAG '~~~-c'~ Q tv\ ?rot 
* tiiJlim'a-~nt~ 54. ss)o =. O)Bat*'i 2·11lJ~iWilt/FMoH~Jjjj~, 1,3·11zJ~9JW~Jjjj~7J)~~ Lt~ 
MLM ~miWJ~W~fJJJX:i Q f~&)O)}Jjtf_f(J)WnjWJ'ltt L -c~ L -cv \o t ~~,t>tLQiJ), MAG '~~~ 
-c~ oO)'i~~JmHO) 30% f:Wt-c'~ t?, MAG ~jfgj]¥t~ L -c'i/F~¥:3-c'&Joo 
::_O)J: 5 fctiJf~~O)r-c:\ CLA 0)-~IU£-c'~o FFA ~}jj{f~~ L -c, 7'' !J t !J /' ~O).:r: 
.A7Jv{t~±f*~ToBUt*(J)~~,~~~L,t~ ftjO, rot~~9J'~ FFA iO~*II'~~i±To t~ftq 
~~~= J: o MAG (J)~ffl1tmm-e(J)~~i0~~--c'~6:. ~ ~~- L -c, ::r...A 7 Jv{t~ 95% ~l: ~)! 
m-e~ orot*O)m~~ 13m Lt4 *W-c',J:, FFA t 7'' !J -e v /O)x.A:r ;vft~ -t-0)1&(J)1ttrlfit-c0) 
7'' !J to !J ~.A~fljffl Lt~ 2 t~~ in situ OO;t, FFA c 7'' !J t !J /(J){~t!i-c'O)x:A7;vft, jOJ:tJ 
FFA c 7~ !J t !J /(J)J&71<~tf:r-c'O)x_A7;v{t(J) 3 00)Dat*~fljffl Lt~ MAG-CLA EIJJX,~0v \ 
~ 1 Ji Penicillium camembertii 1) 1 ~--ti~Rt:. L t=. 2 ~ in situ ~I=~~ MAG-CLA 
O)U 
1.1 1313~~ 
CLA~lti~ GiliJlJI~~JJ~, FFA·CLA) 'iffilt&~C'm6 CLA·BO [V ;-;vrtiJH~(~) (!l, f3 
¥~:i--1!J:i-7~;~/(f*)) ~ ~~L, FFAO).:t;Vjl:'j:~O)MffifjJ:t?:.tBL,f~ 7''!Jt!J/ 01<51 
-a-it, o.20%) 'ifo~I~(~) J: t? «a.A Lt~ -t(J){tf!O)~,:t~-cM~fflv \t~ 
P. camemhertii V /{-~ (!J /{-it G) 'i/? J X/~-{ A (~) J: t?~~tLt~t(J)~~ L 
t~ !J /"-it'J:.Jm-1 :i-/71<~= 1o,ooo ~11L (U) JmL t tto J: 5 '~mfW L,, oo~~,i~'= v /{-~~~~ 
-tO)'i'i, dJO v \''iJk-"C::tftfR L, -c1Jo;tt~ ftl3, P. camemhertii!) /{-it 1 U ~ ,J:, .:c- / ~v~ /' 
(~v-{ /~MAG) IJR~ftfiX:(~] 0)1JOJkn'M,=l3v \-c 1 ~rt:t,,= 1 JlDlol O)H~Jljj~~--~ Qrt 
~titlE~ L,f~ .::c- / ~v-1 /0)1JD71<7J'M,i, 1 mL 0)-=E- / ~v-1 / t 5 mL 0) 50 mM HJ ~ !J 
? Abn~ (pH 5.6) O)i~~i~~= !J ,1{-~~~~1JD:t 500 rpm -eM LfttJ) G 30°C, 30 7tr~,ft~ 
t~ &J~~,,'i20mL O)x~ /-;v{r1Jo;t-cwl!:~1t, MLf~ij~})/jftafi50mM O)KOH ~~J::Q 
lftfot~IE G~"~~pH 10)~=J: t? >i<&?t~ 
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1.2 ~ 
,J,m_m(l).:r..A 7 Jv{~':t, 50 mL ~-(l);f :/t=t/~,-{ 7 Jvmt~~ 4.9 g (7) FFA-CLA/7'' !J t !J /i~~~~ 
~ 0.1 mL (}) P. camembertii !J /{-~7]<~~ (10,000 U/m.L) ~NL, ~~~tr 30°C, 500 rpm C' 
fmLfti0~G1t0t~:kmm(J).:r..A7Jv{I::&Lt,:t, 1 L~S:O) 40r=l 77 .A ::I'~ 294 g 0) FFA-CLAI 
7~ ~ t ~ //m~7~, 6 mL (J) P. camembertii ~ /{-~~~ (10,000 U/m.L) ~JJD;t, fit#~~tHtr ffl 
v\-c30°C, 250rpm C'fmLftiJ~G1-T0t~ ft:to, JUbl<LftiJ~GO)~'J:, &J;t~~-@~// 
tr~li*iiL 5 mmHg O)~rcit0t~ .:r..A-Tlv{~~,i~*rpO)~~IJJjDO)-=t-Jv~'~m-~ 7~ 
Jv7'' !J to-Jv'~~il L t~ij~JI/j~O)-t Jv~J: 'J .tfj L t~ ft:JO, FFA, MAG, DAG 0)5Jq.fi,i -ttL 
~n, 28o, 354,616 ~ Lt~ 
DAG (7)~/' !)to !J ~.A,i, *1;Jlmoo;t,~J:0-cf~Gnt~~~~O)-$~l::''-1J-,~L, 71<1~ 
~ftiJ~Gil\-=t-0-1 tr [BioMixerBM-2; S~~(~] C'2)j-r~,M~-c~{~~t:.f&, 5°C,~h5t 
~Lt~ 
1.3 MAG 13 ~ U: DAG O)Mit 
~!) 7J ijJv 60 <Merck, 120 g) ~M"A ~t:.1J 7 A (30 X 390 mm) '::. 15 g (J)~~~~#t L, 200 
mL 0) n -~~-ft/~.:r.-7-Jv (98:2, v/v) C'1J 7 A~tJttft Lt:.f&, 600 mL 0) n -~~-ft/fl»~.:r:-J­
Jv (80:20,v/v) C' DAG ~ FFA ~~te~it,1000m.L C0n·.A..~-f}-/~.:r:7Jv (5Q:50,v/v) -r: 
MAG ~~l±i Lt~ ft:to, DAG IFF A 00i?J''i7 1v1J !J ~tf:TC' n -.A..~-fj-/MJli\~1Tv \ DAG ~M 
' 
1.4 ~'" 
:r:..A -r Jv{l::C0~¥l~}l~~~~?J~~~~(J) ~ ~, *~ 1 g (J)~7~~~Jt~'iim (6500 x g, s )tr~,) L-, ila 
}I~~, !J t !J /,II';:~ Lt~ ~ t~, DAG C07~ !J to !J ~ .Arot(J)roti~~*'i~f*C'~o t~~, 
*'~ 1 g O)biJ~~'7{l~ 40°C ~~~&?t:.f&, JiJL~'iim~ft0 -cilb~ c 7~ !J t !J /MH~~ Lt~ iltJ~O) 
MAG, DAG, TAG, :JOJ:VFFAO)~Jt,i, ~!) 1Jif1vo 'Y ~,~~.A~'Y ~ Lt~~~{r n-~~~/< 
m.:r.-7-Jv: M (90:10:1, ~fi!t) ~Jmfm L, ~~~7 P-? ~ ~77 -1- • FID )1~~~ [TLC/FID 
7-J-7,-(~-, latroSQln MK-5, ~ ~ P /(~] ~0-tffLt~ 
ff~Jl15~} 7Jv:r:..A7Jv(J)ij~JI/.j-iiJJ.xJi7f.A7 o-? ~ 7~7 7 ~--c'5tfJT Lt~ 7~Jv7'' lJ to-Jv 
(7)"J£fj~Jl1j~'J:, 1% 0)-j- ~ lJ? A} 7-7- ~~1f} -7/ -~~~ 3 mL 1r1JO;t, 70°C C' 15 ~r~, 
1J~ \.., -c} 7-JvX.AT Jv~~~~ L,FFA 'i 5% O)Q~tr} -7/ -Jv~~ 3 mL ~1JO;t, 70°C -c' 
15 ?trt=tVl~ L -c} 7 Jv:r.;A7 Jv~~~~ ~t~ ~~Gntd~JI1iri} 7 Jv.:r.;A 7 Jv,i, DB-23 ~-y 1::0 7 
12 
~ ---jJ 7 A (0.25 mm X 30 m, J&W Scientific, Folsum, USA) ~~-* L-f-:_ Hewlett-Packard 
5890 7J:A 7 o? ~ 7~7 7 (Avondale, USA) 1rfflv \, fA~O)J:? f~~tt~C'IE!l L-t~ 1J 7 AtmtJ.t 
':t 160~230°C ~ 1: 2°CI?JC'mlfil Lt~ t_tAI=ltmtJ.t':t 245°C, ~te~M'i 250oC ':.~IE L, 71< 
*~~;&-/~~ (FID) C'~teLt~ 
oo;ti~0)7J<):]'-It'J:jJ---;v7 -1 ~-y~-~~ [MoistureMeterCA-07, ~~l::$(t*)] C'i1tUIEL-t~o 
2. *6-
P. camembertii ~ /{-it':t FFA C: 7'' ~ t ~ /1r5Cjp$J: < .:r...A 7 ;vfl:: L, MAG ~ DAG 1r~PX: 
-t Q ;O~ TAG 1rit!JX: Lftv \::. C: ;0)1Q Gh -cv \Q 44)0 MAG 0)4:im~ ~ f3"J C: Lt~ C: ~, TAG ;0)~1JX: 
~nftv \::. C: ':t1ffUC'~Q C:~;tGtLQ::. C:n~G* ~ /~---~~!IW.t~ L -c~ Lt~ 
2.1 FFA-CLA c!:~ 1)-1! 1J ~C1).J:.A7"JVfl::(::tJs~r£-tft:I:O)ft 
FFA-CLA/7'' ~ t ~ / (1:5, mol/mol) O)miti~'~flk O)jtO) ~ /~-~~JJD;t"' 30°C -ctm L-ft 
;O~ Grot~1T0 tc (fi 2-1)0 fctiO, ~ /~-~,:t 10,000 U/mL 0)7]<~~1rilla~ L, w.t*lflO) ~ /~ 
-~-a-a7J)F.Jf~O)rAJJ!J~tt Q J: 5 '=-~lR L, .f:O) ~ /~-~*~~~&J~,r~'~%t L--c 4% '~tt 0 J: 5 
'~~JJD Lt~ w.t1JWJJ (5 ~rt=t91~ O):r-:A 7 ;vf~$,J:Oii,~tt~J L"' 24 ~rJ:f~1~0):r..A 7 ;vfl:/¥,i, 
100U/g ~J:O)~/~-~~~JJDLtc~~'~*~80% ~:.ilLt~ *OO~~'C'MAG C: DAG,:tit~~n 
tc;O) TAG O)itJJxJ:t~~ Gn f\ x.A 7 ;vfl::*-7J~ 60% fAJ:~~ftQ C: MAG n~G DAG ""O)~~;O~ 


































































a !Vr'i FFA-CLA/~- !J -e!) /~i~':. 200 JJL 0) P camembertii !J /{--f!~{t (500 U, 1,250 U, 
2,500U, 5,000U, lO,OOOU/mL) ~1Jo;t, 30°C~M (500rpm) 1-f~tJ~Gi*~l-t~ 
h .:r..A 7 Jv1~':t!Vrri:t%-i~t:pO):ijJ~J)/JU':.i-J 4 -'57:/ Jv~· !J -eo -;1.--c:f:lO)ij~JinMO)~~ (mol%) ~ 
~l_f:_o 
c tvr~?~l1~G~l-t:_lfEJI~~a 
2.2 FFA-CLA ~.,. 1)-1:! 1) J(]).::tA7"JVftf::13~r£-t~WJ7J<H(])M 
71<1!R~JJOO)lXJ~~'\~~'J: !J /{-~~*~ 200 U/g ~ fct.'Q J: 5 ~JJQ ~~~itt~ ~i'J~ ~, V /~-~f)j 
*lJ~lXJ~~'\~~lfl,~5j-fX1:t f', X..AT fv-{~,'J:~< J1!1T ~fcf.lJ~'=>f::.O --f =-~~~5(}J¥J:: < J1t1T~it 
'6t~~~~, !J /{-~~Jm-1 /.t/71<-c'mM~ -cJJ<mi~~ ~ -c~i~,~~JJOTQ :_ ~ ':: ~t:.o FFA-CLAI 
~ !J t !J /0)~ (1:5, mol/mot 5 g) '~ 200 U/g 0) !J /{-~~J]Q;t, ~ G'~1XJ~~'\~~'ft0)7J<~7J~ 
2, 5, 10% ~ ft Q J:: 5 '~* ~~JJO ~ 30°C C' 24 JeyF~9~ ~ itt:.o --fO) ~ ~ O).:r..A 7 ;vf~$,-J:, -ttl 
-tn 86, 78, 52% ~ tct. '? , :tJJWl 
14 
·----------------------------------------------
2.3 FFA-CLA t: 'i1J -tt IJ ~(J):r.:A.::r JVft:r=~~rtT'i 1J -t! •; ~•(J)ft 
FFA-CIA/~l' !J t !J /~~" 71< 2%" 9 /{-~ 200 U/g 73'.\Gfto 5 g O)JX!;ti~tr 30oC C' 24 
a~r~,M L-ft;O~ G~ 6itt=.o FFA-CLA ~:: ~, !J t !J /~ 1 ~5 -c ;v~:llJJO:tt~ C: ~ 0)" &J,~"~~ 
~1t~ISI 2-1 ~::~-to FFA-CLA ~ (/'' !J t !J /O):r.:A 7 ;v{t0)07J'.\G" ~, !J t !J /:ft7J~~1~ L, -c 
t" *f MAG 7J~k!JX:6tL" MAG iJ)~*~::lbQt~ltltfl~tLt~f&~:: MAG iJ'.\G DAG ~OY~~ 
iJ)}fQ::_ Q e: v \5 #:® L-t~1~rP175~~6tLt~ * t::.:r:.:Ar ;v{tO)iiliJ.JJJ:" (/~ !J t !J /lt75~iWJDT o::. 
~ ~::J:: ~ JJOim6tL" IJZ1lJ~~,::~'t o.:r:.:A7 Jv{t$-t (/'' !) t!) /:S:O)~JJD C:~~::J:~ l-t~ ( l.:r;v 
:1::0)~/' !J t !J /~fflv \f~~ ~ '::':t 60% c\ 5 .:t-;Vitfflv \o C: 86% ~::JlL-t:)o ~ G~::" ~7', !J t !J 
/:atJ) 1 iJ'.\G 3 .:t-;v~jt~::i:WUTQ ~" MAG 7J'.\G DAG ~O)~MJ.t,~L-t~;O~" ~l!J t !J / 




-~ i 60 
-
















' 0. , 0 
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~ -0-- -0--. -. -0 ----- ·- - -0 
5 10 15 20 25 
~M (h) 
FFA-CLAJ-!/' !1 -e !J /0)~¥~ (4.9 g) ~~ 100 J,JL 0) P. camembertii !} .r~-~,W~ (10,000 U/mL} ~)JO;t, 
30oC1:M~f~;O~t:>rot~1T0f::O FFA-CLAJ~l!J --e !J /O)tJ~: (A), 1:1 (mo]/mol); (B), 1:2 (moVmoD; (C), 
1:3 (mol/mol); (D), 1:5 (mol/moDo ~c%0)m~: 0, FFA-CLA; e, MAG; 0, DAGo 
.. 
. . ' . ·-'~ ... 
15 
. - .., _ - . - .. . .. . .. . . - . . ... ,. 
- - - ·- · 
. ...... ----·-· . 
2.4 FFA-CLA c!::~ 1Ji! 1J ~CT.>I.A"TJlAtl=~~f£TMtJJ<O)M 
M~ Lt~J: 5 ,~, §~ ~ Lt~.:r:.A 7 ;v{~$'J: 95% ~J:-rdJ~o 2.3 O)rot'~jOv Y-c, ~'JtO)~, !J 
t !J /:l:~!i1JO~it-rt.:r:.A7;vf~*O)J:.~,:t~~G:hftn~0t~ ~=- -rx.Ar;v{~$~~ G'~~ 
'ft>6t~'fhr:_, .:r..Ar;v{~~O)J:.~~~fi~ L -cv \~ ~-T~~n~, rot*~O)* < !J /{-i!$i~E8* 
0)7J<~.:r:.Ar;vf~~~J:6~) :a:-w~-r~-t~:. ~':. Lt:.o 
FFA-CLA, 1--5 -=t-;v~ji0)7'' !J t !J /, 200 U/g 0) !J / {-it, 71<0'it 2% -r~IJX~:h~ 300 
g O)rot~~~40P77.A:J,:.At1, 3~ft~L{~~'~ft6J:: ?':.MLftiJ~G 30°C -c:rot~-tt 
t= <ISJ 2-2)0 ~IBbJ< ~rm~a-t ~ ~ -c:O)*!~~i ~,-±, 1 J \m~O)~* ~ '1 ~ 1v ~'~v G tt7J ~0 t= 
(ISJ 2-1 ~~Jo .::c..Ar;vf~~iJ~'l'i\E~'~J¥L,t:_ 10 fF.frl=!9f~, 77 .A:::z ~-~~/7~-L, ~ 
~ 5 mmHg ':.~)E L -r~Bbl< ~OO~a L t~ v \f;h,O)~tf:,:.i3v \ -c t, .:r:.A 7 ;v{I::,J:IBbJ<OO~a C: * 
':.¥tVJ:.~ L,IBbJ<~OO~aL -c24~rl=!,~& (~~rt=!9, 34~rt=!9) O).:r:.A-Tlv{~$,'±95% ':.JiLt~ 






~ i 60 
-






:::e i 60 
-
1111 40 ~ 
0 
A 
0-. 0- ......... . 
••• 
o.. . ·o .. 
.. 0 . . . . . . --. . 
c D 
10 20 30 0 10 20 30 
-M (h) ~M (h) 
FFA·CLAI~l !J ~ !J ~0)~7~ (294 g) ';: 6 m.L 0) P. camembertii !J /{-~~ (10,000 U/mL) ~t.JO;t, 
30t, 200rpm ""t:MLt~t>~G~~rr':)t~ ~~OO~aL -c 1o~rJ:t,~ ~FP""t:/~ 4 ), rot~~~~~~ 
:t~Wt.,, 5mmHg ""t:ti Lf~t>tG~ Lt~ FFA·CLA/~' !J -e !J ~O)WI~: (A), 1:1 (mol/moD; (B), 
1:2 (mol/moD; (C), 1:3 (mol/moD; (D), 1:5 (mol/moDo ~~0)~~: 0, FFA·CLA.; e, MAG; D, DAGo 
16 
2.5 DAG(J)~IJ-f!CI)~A 
Pseudomonas ~!J/"-~~fflv"f:. TAG O))''!)to !J~.A~~:lOv"-c, DiJ~~L-cv"~t.lffilt 
~-c:rot~OO~ilL, o--5°C ~C'~~~:.rffiU:l~rtt'-cDUt~*f!®'c-tQ ~~j}$J:: < MAG iJ~4:g€C' 
~ Q ~~~:(L -cv "Q 53.57)0 '"!t:., P. camemhertii !) /{-~~J: TAG (}))''!)to!) ~.A~!IW.lLf~ 
v \::. ~ iJ~¥fl~~n -cv \Q 44) 7J~, Rhizomucor miehei !J /{-~~JP]P~':.1¥1£~itQ ~ 7'' !J to !J ~ 
:A~~!I$.l-9Q:. ~ t~Gn -cv "Q 57>0 
M~ Lt:.J: 5 ~;:, P. camembertii !J /~-~~fflv "f:. FFA-CLA ~ 7" !J t !J /O).:r..A7 Jv1~C', 
TAG ~J:~< ~PX:~n T, NJ;t~'J: MAG ~ DAG t~ttC''&J0t:.o 2:.0)8Ut*t:p'::t'i*8Ut0) 
7" !J t !J /7J~~t¥ L -cv "QO)C', rott~~ftttlffi.C'n)(Uf ~ Q ~ 7'' !J toY ~.A7J~~1T9Qtr~'b Lnfct 
"\ ~:. -c:, rgJ 2-2 ci~Gnt:. 4 fiMO) 34 ~rt=t,&Jt,r~ (~{] 280 g) ~~n-tn t:''-n-'~ L -elk 
J::J::OO:~, it\~ijT",{~-C'tlt-FLfct7J~G~11::~itt~1&, rott~~5°C ~::QLt:. (ft 2-2)0 fct:-Jo 
~Jffi ~ L -c, 5 g O)w,tt~~a~kM Lfct?J~ G 30°C C'U Lt~ P. camemhertii Y /"-i?''i 30°C 
C''i DAG 0))'' !J to !J ~.A ~~!ij_t Lft7J~0 t~ L7J~ L, 5°C ~;:n)((g ~ Q ~ DAG 0))'' !J to !J 
~.A,'ii1!1tL, 7"!J t !J /Il?J~~v "~l~'~}J*l¥JC''&J0t~ 7'' !J t !J /~ FFA-CLA '::xtL -c 5 .:C!v 
~A:fflv "-ex .A 7 Jv1~ L, 1~Gttt~&J~~,r~~ 5°C -r: 15 t:J rt=t,PJl~ ~ Q ~ MAG ~A:tJ: 50 7J~G 89 
wt% ~ ci:\VJO L, DAG ~- t'i 44 7J~G 7 wt% ';:~jr Lt~ ft:-Joroti~~;:~J:"-t~¥titO)Jk)j- (150--
300ppm) L7J~±itf\ 7Y!v)"!)~o-Jv0)1JD7J<)J~''im~Ghft7J~0t~ 
17 
. ~' . • •.• -. ~· - . ·-·- ..... . , =-: :--=:..· ~.,::·- - - - -





















































































































s 1Zl2-2 -c~Gnt~~ 5g ~aot ~QL,t4 ~~~trtJJ~Jc!::~- !l--e!J /JIH:.~t,t~c~':.'-±* 
lVT -:;:7 .A~~~ ~}Jt#t,~L{~~,:.~Lt~ f)t~ (J),oo;t~i~ WJ 280g) ':tr:··-n-'~ L, 7kf# 
t,tl;O~G*-=€-if-T-1 ~* \:}l¥f:L~L1~~~:. L -rt~Hl::~1t 5°C ':.ULt~ 





FFA-CIA t 5 -=t-;~O)~",~t ~ /.a:-fflvY"Cx.A-T;vft~ iXv'~~l, ~to ~~.A ~t~liJ~~~~~.a:-~ 
~ 1JifJv1J7 A7 P? ~7''77 -1-~~~ L, MAG t DAG {rf:tL-tn~~ Lt4 ftli]7~Jv7"!Jt 
o-;v~JbO)ij~Jljj~Ji5X:~ $t 2-3 ~:.~To MAG, DAG O)ij~Jjjj~Ji5X:,J:, .:r...A 7 Jv{t, iO J: V7" 
~to~ ~.A~{€I-ct)Jj{~-}~~~ FFA-CIAO)*Ji5X:C:JPJC:C'~0f4 ~O)~:J~JJ:, P. camembertii 
~ /"-~'J: FFA-CIA rfl~~?;~n -cv '~ij~JjjjiDN~~ L -c~-Jti.a:-¥Jt~f~v ':. t {r~ L -cv '6o 
16=0 
















































3.1 J.iJ;&JlJII=~?L 't=:l¥1illll$C1.>J:.~ 
-~ftrot~fi A l:: B (J) 2 fi~(J)}li(7)~ C l:: D ';:~~~tLQo 
A + B > C + D < 
A (J) C ~(J)~~~(J)J:¥/-'i"' oo;t*t:p(J) B (J)il]jt 1r~~"' D ~oo;t*~'::te-t:. ~ '~J: ~ -c 
if.EX:~~ Q0 ~-c~~t:. FFA ~ 7'' !J t ~ '/(J)::r.:A 7 ;v{~C''i"' A 7)~ FFA"' B 7)~~, ~ t !J '/"' C 7) ~ 
l\1AG (DAG)"' -t L -c D 71~71<-c'dJQo :.O)oo;t-c',i7'' ~ t !J '/(J):fit1r~L -rtrotiilil!(J)J:.~rJ: 
•~nt:.i'J~"' ~*(J)~lfttJ:.~~f+iif.EX-c:~ttn~--Jt:.o -t:. -c:"' rot~~(J)-0-c'~Q*~& 
lt*~'=~~ Lt:. ~:. 0 95% ~J: ~ v \5 ~v \::L:A 7 ;v{t~1rif.EX:-t Q:. ~ ~=IJX~7] Lt:.o ftiO"' FFA 
~tr:M L -c1 '"'"'3 .::c;VA:(J)~" !J t !J /A:~ fflv \t:.::r.A7 ;v{~'::iOv \-r"' 10 ~r~,~&n~GJmJJ<~fm~irT 
Q ~"' l\1AG (J) DAG ~(J)~~7)~1llJ;t Gt1Qftjr-PJ7J~IL~ ~nt:. (IS) 2-2)0 :. (J)JmJJ<oo;t~fUfflT Q 
~"' l\1AG ~?F'M,::5C)r$J: < YT o :. ~ 71~-c'~ o :. ~ 1r*fln(J)m 4 ~C'~¥ L < l!t~Qo 
A (J)C ~(J)~~$'i"' C ~oo;t*~~::te-t:.~'::J::--J-ctr@j~Q:.~iO~C'~Qo ::r.:A7Jv{~ 
~T~(J) DAG (J)!/' ~ ~o !J ~A'i:.(J)Jjj(:§!~fljffl Lt:.oo;tC'cbQo DAG (J)!J" ~to ~~A C''i"' 
AiO~DAG"' B iO~~' ~t!J/, -tL-cC 7)~l\1AG C'3tJQ (D,i1¥1£Lftv\)o :.0)!/!)to!)~A 
'ifitilffi. (5°C) C'?F'M~~~$-J: < ~1TL,l\1AG ~ DAG (J)~~t!ftilJ::Mo l\1AG ii'i96wt% ~ 
C' J:~ Lt:. (if 2-2)o 7" !J to !J ~A ~ilti.ffil-c~~ff0 t:. c ~ '~~v \Ifl-1lTJ&$7)~ifJJX:C'~ f:.(J)fi"' {j((J) 
J: 5 ft~Jii,~J: Q cfft~ Ltea ~, !J to !J ~.A(J)oo;t*rp'::'i FFA"' ~, !J t !J '/"' l\1AG"' jOJ:tJ 
DAG iO~m±TQo :.(J)40(J){t~(J)rpC'l\1AG (J)jil~iO~~t~v\ - 15, M* (!)/{-~) 'i 
i&~O)£J{,J:J:<if-illTQiO~"' (j!ij~(J)£Jf,jJiclv~~-Lftv\ Lt:.iO~~-c"' l\1AG t~JtiO~ 
U!il{t L -c{ill,(J){t~iO~(j!ij{t Lftv \7.lffitl~lf~~AET Q c, rotOO~~'::ff:(£ Lt:.l\1AG iO J: lf~' !J 
to !J ~A \:'1:JJX:Lt~ l\1AG 'i~{t L, DAG c !I!) t !J /'ii~f*(J)~~~3tJQ0 !J /{-~,i~f* 
~(J) MAG ~~'it'Fffl1! f', DAG (7)~,!) -eo !J ~A ~~.l L, DAG (J) l\1AG ~(J)~~$iO~M 
a"J';:J:~-t;oo ::_(!)~~~~';: L -c, ~ G~::~r.ffil::r..A7/v{t~::J:Q l\1AG Y~~~, ~~Gnt:.~ 
*~*1P(J)m2llcm3lJiJ::~ c ~Qo 
20 
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I 
3.2 ~~i~Uf::~rt ~ in situ &J;f;Ki(])~J! 
~~~O)ffl;t~ 1 /-\:Y7-c1T 5 C:tt/ot.AO)fijtmf~7J~~:hoo *JjiO)ffl;tfi.:J:..A7;vf~C: ~l' 
!J to !J ~.AO) 2 $~~rot-r<boo ::_0) 2 ~~&:J,~'\~7oot.A1~To1JftC: L:r:, FFA C: ~l !J t !J 
/~.::J:..A-7 ;vf~ L -c MAG C: DAG ~~JJX L, MAG C: DAG ~n'iilt L -ctJ~G DAG ~~l !J to !J 
~.ATo1J¥t7J~~;tGtLoo LiJ~L, :_(l)JJtt,iMAG C: DAG ~:5J'iilttoif£~~,!NC:Tot~~, 
*!$ft¥Jf~7ot.AC:'i~\;tf~v\ -J], ~ci'{t\rLt~rot*'i, l~Wf§O)FFA C::7~!Jt!J /(J) 
x.A7;vf~~1T0t~1&, rotrffilli~r~t'ot~~t-ri'Jgg~O) DAG ~~J.J$J: < ~l !J to !J ~.A ~ito, 
2 ~15i in s1tu oo;t~(boo M*~A!IW.tC: Lt~l3~i{(J)~ffl1t1::~~m1i:Lt~ C: ~, M*OYtiW, 
rot*cr~~1#±-to1t~O)~iW, :toJ:lf&J,~~O)~i~m~L -cv \oJZg-Tt~ C:''~~-L -c in situ !X 
J;t*~MiO~~~n,i, tj]~O)J:v \~ffl1t7°Pt.A~~~-to ::_ C:7J~~~ o o 'it~, -*!Jic~~t~ 
2 ~~in situ rot*~~~ Lt~-.,i, f~k f~{t~~flij.ijif~:/ot A ~~}J)G-9 orot*~MT 
0 C: ~ 0)---:>0).::C'T';v~~ t f~ Oo 
21 
Jtl2Il Candida rugosa 1)1~-t!~Mt:. Lt.:ii:~I::~,Q MAG..CLA <1.>Y 
~ 1 Ij~Jz:Jzf!~tz:ilf1E-r, P. camemberti.i V /{-~~~,lc!:: L -cfflv '-~ 30°C -r(J)::r.:A 7 Jv{t c!:: 5°C 
-c(J)~l' !J to V ~:A c~JJX:~h~ 2 ~~ in situ rot~~J:: 'J 5CJ]¥J: < MAG-CLA ~~JJXTgfVt 
*~fM~ Lt~ Lir~ L~ (J)[Vt*'J:, MAG :a:-15-JJX:-9 g(J)~~ 2 i!MrJ:t9£Al:~~~~g c!:: v \5 jz,~:a:-ff L -c 
v \t~ -t ~ -c'~:JoJ:U'f~!Ji-r'i, ~IJrJt-ci~Ght~ IMAG 'i~ilffi.-rU!!J{t L -crot*~'~ttlQJ ~ 
v \5 ti~fiJJtj L -c~ Lv ~ilffi&J~~<f~~U L, rot~r~,(J)*'fJMf~J§*"~~~Q ~~:a:§ f¥] c!:: Lt~ 
1. ~~tJjJj~ 
~~(J)f~v \ftf~jOJ:lJJJr~'J:, m 1 IJlc!:: ~ c -r~Qo 
1.1 -~~ 
Cand.idarogosa V/{-~ (!]/{-~OF) C:Alcaligenes ffA!]/{-~ (!]/~-~QLM) '~~im 
~(~) J: ~, Rhizopus oryzae !J ,~{-~ ( !J /{-it T) 'i/? / ::r./~,-f A (~ J: 'J m~~nt:: 
t (f) :a: fflv \t~ P. camemherti.i V ,1{-~(J)mti,J:rru~(J):/J'lt~~ Lt~i9~v \ffiiJ~ Lt~ .:C(J){ill,(J) !J ,~{­
~m-t!,J:ft¥fls9) ~~ Lt~~~v \, ;tV -7nb [foJ'tMI~ (~] ~11071<~ LiM Lt=RtjJI1J~i?~G~ 
~t~ 1J07J<n'iW,J:, 50mM ~ ~ !J ?A~iiR~ (pH5.6) t lOOmM O)lj[{t7J;v~?A~~Gft 
6$1~ 5.0 mL '~ 1 mL O)~!J-:lifEc!:: 0.1~0.5 mL O)ft$j~~JJD;t, 30°C C'30~J:t,, 500 
rpm -rMLf~~~G1t0t~ rot1&, 20 mL O)::r.~ /-;v~JJo;t -c~~wJJ:~-lt, MLt:.n~ 
JVJH~50mM O)KOH ~mv\t='iJfOiilil~'~J: ~>K~t~f~i--3, !),1{-~1 u 'ii?trt:t,,~ lJ.1D1ol 
O)ij~JljjM~M-9 Q !)/{-~S:C:~Lt~ 
1.2 
'J"mm, i3J:V:km~e:tml!Jl1.2 ':.~~Lt::JJ'lt':.~c-c1tv\, .:r::A-T;vft~,i~* 
~O)~~JW~Cl).::c-;~~:.5<1 9 Q 7~Jv7~ 9 to-;v':.~~ Lt=H~JW~Cl).::c-;~J: ~ •m Lt~ f~i3, 
FFA, MAG, DAG (J)Wii,J:-tn~n, 280, 354, 616 t L, TAG (J)Wfi'i 878 t Lt4 
22 
2.1 §fl IJ I ~-tt~~lc!:: (.,f.: FFA-CLA c!:: 'J""IJ -1! 1) JO)J:A T )Vf~ 
FFA-CIA ~~'!J t!J /7J~G:r:.A7;vf~'~J:0-c MAG-CIA ~~!JXTQt~&9,~, MJJic~~t~ 
P. camembertii!) /-\-~'~1JQ;t, *tJ\if (H. ozyzae), M-Bt (C. rugosa), :JOJ:V'*IHii Wcahgene~ 
0) 4 fimO) !J /"-t!:a:-~!IW.t~ L -cJmR. Lt~ :r:.A7 ;vf~':t, FFA-CIA ~ 5 .::c;VA:O)~l', !J t !J /7J~ 
Gfto&J;ti~~~ !J /'\-f!fm~~JJQ;t 01<5J't, 2%), MLftiJ~G 5°C ~ 30oC ciT0f~ fi 2-4 ~~ 
7, 24, 48~rt:t,0)00;ti~7J~G5J~Lt=tE8jiO)FFA ~7~;v~l !J to-;v (MAG, DAG, TAG) ~JlfiX: 
~1FTo P. camembertii !) /'\-it~ R oryzae !J /-\-~~M!t$.l~ L -cfflv \f=~ ~, OO;tWJ.l (7 ~ 
rt=t,f&O):r:.A7;vf~¥) ,:t, 5°C J:.tJ 30°C O)jjiJ~~7J~0t~ ~hG200)!}/-\--lt~fflv\, 30°C C' 
48~rt:t,OO;t~1T0f=~~,MAG ~ DAG ':t~PX:~nt=ib~TAG 'J:~JJX:~hft7J~.-:=>t~-jj,5°C C' 
48 a~rt:t,OO;t~1i.-::> t= ~ ~, :c.A 7 ;vf~~':t 88.9% ~~li L, £ftOO;t~~'J: MAG C'9J.-::> t~ ft:Jo, 
R. ozyzae !J / -\-~~fflv \t=oo;tC',:t, 24 ~rt:t,~O)oo;tmk?~~~ 22 wt% 0) DAG iJ~Jffl L -cv \f= 
iJ~ 48 ~r~,f&O) DAG ?;:i:':i 7 wt% * C'~Y L -cv \f~ ~ O)~JI~d:t, OO;tf&WH= DAG 0)7'' !J to 
!J ~.AiJ~:)t L-c~1-Tlt=:. ~~1FL -cv\oo 
Alcahgenes !J /'\-itO)OO;tC',J:, 7 ~rt=t,f&O)x..A 7 ;vf~~':t 30°C C' 31%, 5°C C' 6% ~ ft tJ , 
5°C J: tJ 30°C (J)jjiJ~ J: ~ Jl < OO;t7J~~~T L t~ * tc, 48 a~r~~1~(J).:c.A 7 ;v{~*'i 5°C, 30°C l:: t 
'=*180% ~C'l!Lt=iJ~, MAG 0)~/1X:J&~':t30°C J: ~ 5°C O)jjiJ~(Jj7J'l.-:=>t~ 
C. rugosa !J /-\-~~fflv \fc&J;t'i 30oC C''i~ !v~--~1T Ltti0~0t='~ tiJ'l7J'lbGf (48 ~r~,& 
~f&O)x..A 7 ;vf~$'J: 14%), 5°C C''J:?F~,~~}J$J:. < ii¥1i L, 48 ~Ft=t,1&'~'J::r:.A 7 ;v{~$ 94% '~ 
liL,MAG~~'J:85wt% C'9J0teo ~t~,DAG ?;A,:t24 7J'lG 48 ~rt:t,O)F~,l: 12 iO'lG Bwt% '= 
~y L -c:Jo tJ , DAG 0)-!/~ !J to !J ~ .A'i00;t1&JUH~u~ ~ b~ ~htCo 
MAG ~PX:~=~Lt=M*~imR.-toWm~~iO)~*' C. rugosa !]/-\-f!, H. oryzae !)/-\-
it, P. camembertii !]/ '\-~~fflv\-c 5°C C'00;t~1T5 ~~}J~C'9Jo~~iJ~fj7J'l0tCo ~0)-
15-r:, C. rugosa !J /'\-~ (Qifffilt':t 40-...,50°C) ~fflv \tc:r:.A7 ;vfi::,J:, 30°C J:. t? 5°C O)jjiJ~ 
m~ J: < ~1-r L tCo ~N:';:~oo;t,J:, fFfflHiffll J.t£A r O)rhitltilj~c-,:trliiU.t 0) J:~ ~ ~'~oo;tim 
li]:t~ < fct, Qo ~:: C', MAG-CIA 0)~~ ~~bit-e, {PJ~-frulfilO)jji1~~:Jr-liJ: < &J~~'\7J~~~T9 Q (J) 





Rhizopus ozyzae 5 
30 
Alcaligenes sp. 5 
30 




















































FFA MAG DAG TAG 





























































































s FFA·CLAI~f !J -e !J :.r~~ (1:5, mol/mot 4.9 g) '~ !J /{-itW (0.1 mL) ~1JO;t, U t...,ttn~ ~ 5'C .to 
J:.tJ.30t -c:~~rr~t~ P. camemhertii,Alcaligene~ C. rogosa !) /{-~,:t.&J;t~i~ 1 g ~t:. '? 200 U ':: 
ft o J:. ? ~~1JO;t, R ozyzae !J /{-~':tlmn~iUiv '(J)-c:})i}t .. ~~ 1 g ~t:. '? 50 U ~~tt o J:. ? '~~JJO L-t~ 
h .:r.;A 7 Jv1~,:t.&J;t~~~tp~~JViU~~i~ 9 o 7 'Y ;v~ !J -eo-;vt=p(J)ij~JWAt(J)~~ (mol%) -r~ L-t~ 
c ~~Hl7J~G~L-t:.ilDJitFo:>-at, 
d ~tti-c:~--r (> 0.3 wtOA,)o 
24 
2.2 c. rugosa •J,~-t!~ftiL 'f= MAG-CLA ~ntr=4S~f£T~•J 1! 1J ~:i:(})ft 
FFA-CLA '~0.33--5 ftf=c;vA:0)7'' !Jt!J/~1JO;t, lXJ;ti~lg ~tc_VJ 200U '~ft6J:5,~C. 
rugosa !J /-\---f!mi~ OOti~t:pO)JJ<)J'A, 2%) ~J]Q;t, 5 :JoJ:V 30°C C'[XJ;t~{tfc_ (IS] 2-3)o ISJ 
2-3A '~~T J: 5 ,~, 5°C C'':t7~ !J t !J /A:0)~1JO'J: FFA O):x..;A. 7 ;v{1::~18 Lt~ *-fc_, FFA '~ 
ML -c l.:C;~~rO)~l!Jt !J /~~JJOLtc_lXJ;tC'':t, 7~;v!J~!)tP-;v®~O)MAG ~-7J~~ 
:Y' L, DAG ~TAG (7)~-;0~!WJO Lt~ =.tt':t FFA t 7'' !J t !J /O):t::A.7 ;v{I::J: VJ t FFA ~$ 
517~Jv7~!) to-;vO):r:_A7;vf~7J~18~t1>5:. ~ '~J:6 t~;tGtL6o -jj, ~it0)7'' !J t !J 
/1ft±rC',:tMAG ~ FFA O).:r:_A7;vft7J~;tG;tt,&J~~i~t:F,~MAG iJ~~:JJ~J:: < mJLt~FFA 
'~Xf L -c 5 -t;~0)7'' !J t !J /~ffllt 'fc_&Jt,~iOv '-c ,x:A.7 ;v{t:~'J: 24 ~rf:l,f&'~ 79% '~i¥L, 
MAG ~:S:':t 71 wt% ~C'J:.~ Lt~ ~,~,~~ L -clt 'ftv 'ZJ~, 7~ !J t !J /:{t{r 10 .:c;vA:'iC'iWj66 
-c t 24 ~r~,-c-:c::< 7 ;vf~~':t 75%, MAG ~iiJ:t s2 wt% t ft VJ, m~ttoo;t~:JJ~O)J:~'~':t~ 
ft7J~ G fttJ ~0 t~ 
oo;t~ 30°C -c1-r0t:. t ~ (ISJ 2-3 B), 1-t;vA:~r0)7'' v tv ~/~mv '6 t:c:A.r;vft':t~'!J 
--e v /:AiO)!WJo~ t t'~1a Lt~ LtJ~ L, 3 .:e;v~ 5 .:c;vA:0)7~ v -e v /{r~JJo-to ~, x;A.:r 
;vf~,:t~~,~~ll~~nt~ '1t= .. 7''!1 -e v /A~~;t -ct MAG ~~7J$J: < ~JJX-96:. ~':t-c:~tt 
[PJ C~'!J t !J /AO)&Jt~ 5°C ~ 30oC ciT0t~~~~lt~o ~, l-t;vt£AT0)~~7'' !J --e !J / 
C''J:.:r:::< 7 Jv{t$'~~~f~~,:t~66 bh T, oo;t®.t,~x~ 9 6iffiHi:ft(1ft1'iM~ ~ tLftlF~0 t~ -
JJ, 3 t-;vA:~J:.O)!/''!Jt!J /~~-96~, .:r:_A7;v{l::$':t 30°C C'j(~<~YLt~ :.ttbO) 
rffl..l~~JJ:, *~0)7'' !J t !J /O)ff:t£r-c:&Jtililltft ~~606 t, oo;t;O~~!i~ ~tL6:: ~ ~7F L -cv '6o 
25 
~ l) t lJ /IFFA 
(moVmol) 
1:3 7 h 
24 h 
1:2 7 h 
24 h 
1:1 7 h 
24 h 
3:1 7 h 
24 h 
5:1 7 h 
24 h 
A B 
0 20 40 60 80 1 00 0 20 40 60 80 1 00 
'$:E: (wt%) '$:E: (wt%) 
lSI 2-3 C. rugosa Dr~ y:frJf.Jv \f~ FFA-CIA C: :7'' D t D /O):c;z_ 7 ;v{~t:::toJ: ~ ;~f-t :7" D 
tD' 
FFA-CLA/7'' Y -e Y /'{.IW-H~ (4.9 g), ~;: 0.1 mL 0) Y /"-~~-& (10,000 U/mL) ~1JO;;t, JxJ~~,1-&~m1* 
L.ttiJ~ G 5°C (A) ~ 30°C (B) -e-M L t~ , FFA.; ::::::::: ,MAG 111111 , DAG; I I , TAG, 
' 
2.3 ljl) -lz 1) ' 
C. rugosa D /~ Y:frM9WJ!tC: L -c FFA-CLA :frrWJiiJJt0):7'' D t D /fflEr (&J,~,*'il0)7J<5J\1Ui 
2%), 30°C 'C~:fr1T5 C: FFA O):c7-'T!v{~~'i~ll~~nf~7)\ 5oC -c'&J,~,:fr1-T0-ct~7)~~tJ:O) 
Bat~fl.~~· ~ntt7)~0t~ :.O)&J,~,*~'i FFA C:7~;v:7"Dto ;v-cffiPX:~n6 , :toJ: 
VJJ<C: :7"D t D /""CffiJJX;~n67kJIO)- -cd1J 19, rWJi~r'C7k~'i:7" D t D /fi~::J: 19 $-< ~c~ 
h6o :.0)7}(0)il)_l7)~:c;z_7 Jv{~~:::*:~ < ~1¥T60)-c','iftv \?)~C: v \ 51li~:frli -c, rWJ~Jt0):7"D 
t D /ffl±r""CO) 30°C O)lXJ;t~:::toJ:~~f'iiJ<O)J&W~::~v y·c~itLt~ 
6 J: 5 ~::7}<;fr~JJO L, ~ ~~::_&J,~,r~ 1 g d1Jk 19 200 U 0) C. rugosa Dr~ y:frJJO;t -c 30°C -em 
~ Ltt?)~ ~oo~~~:frrr 0 t~ 2-4)0 2%, 3 -r :7" D --e D /ffl±r-c 24 ~r~~Bat:fr1t 0 
t~ ~ ~, :c;z_ -r ;v1~':t 25% -cd1J0 t~ ~ t~, 1o% 0)7J<0)1'¥1£r-c 24 ~r~~Bat:frrr 5 e:, MAG 





~13A-t-.:s =- ~ ?J)-c~ ~ :7' !J -e 0 /~;:J: ;soo;t~Jl pt~ < ~ t ~t'iJJ<O)~JJm;:J: 0 -cf9~i~ ~n:s 
=. ~?JViiil~0t4, ;:.O)$'~i@J1i~t'i 5 .::c;V]iO) :~l !J -e !J /~fflv \f;:_.:c.Ar;vf~-ct~=£-c~ ~ 71< 
77'-A: 10% -c 24 a~r"',.:c.A 7 ;vf~~1i 5 ~ ~ .:c.A 7 ;vf~¥ti 68% '! -c J:~ L-f4 
=.nG0)~5!H:t~ :7" !J -e !J /~;:J: 0 -c.:c.Ar ;vf~i'J)~Jl't!f~h.:SO)ti~ ~iAVJt0):7'' !J -e !J /:ff:tET 
-c~tlfH;:.-t-_:s ~ ~ d: lJ ~< O)Jj(i'J):7'' !J -E.' !J /}jJ~;:7Jijc~h.:S =. ~ ~;::.@!29 L--cv \g ~~;t Gh.:So 
?.IJ -1! IJ ';.1/FFA 
(mol/mol) J.I<~Ha. 








0 20 40 60 80 100 
~- (wt%) 
Y !J -e !J /I FFA-CLA, 2 :JO.ttJ 10% O)J.k, 200 U/g 0) C. rugosa Y F~--eiJ~i::>ft0 5 g O)l)<J,t,r~:a:~ 
l.Jt7J~ i::> 30°C -eM Lteo FFA.; ::::::::: , MAG; 111111, DAG; I I, TAGo 
2.4 c. rugosa 'J' ~ -tt~mL 'f:: MAG-CLA (J.)~A!C:r=cr.>J:I£'t 
FFA-CLA/:7'' !J -E.' !J /i!E;~r~ (1:5, mol/mol) ~;::. 200 U/g 0) C. rugosa !J /~ i! ~71< 2% ~~JJO 
L~ 5~40oC C'001i Lt;: (jg] 2-5)0 FFA ~ :7" !J -E.' !J /O).:c.Ar ;vf~t'J:&J,~~?Iui/Jti'J)Ti'J),:S ~~ < ~ 
1-T L~ f.!ft.ffile':7" !J -E.' !J /~;: J: ,:S.:c.Ar ;vf~O)~Jl~i'J)MWJ ~h.:S ~ v \5 ~7JWJ:~~ht4, MAG 0) 
~JJXJI)($~i~ 5oC ~ 10oC -c 24 ~r"',&J,~~ Lt;: ~ ~{f,~ 70 wt% ~ f~ l) ~ 15°C C' 24 ~r"',&J,~~ Lt;: ~ 









10°C 7 h 
24h 
15°C 7 h 
24h 
20°C 7 h 
24h 
30°C 7 h 
24h 
40°C 7 h 
24h 
0 20 40 60 80 100 
~:i: (wt%) 
1&1 2-5 C. rugosa !J /" i?~JtJv \fc FFA-CLA ~ :7'' !J t !J /O).:c.A-T ;v1~~;:jOJ:LfTlX 
,,~,n.llt O)~w 
FFA-CLA/::1!) t !J /'{~-Elf'~ (1:5, mol/mot 4.9 g) fC, 0.1 mL (!)!) /'~-i!$1~ (10,000 U/mL) ~~JJO 
L, 500 rpm -eM Lf.tiJ'> t:> 5'"'-40°C -c'f:*:jg Lt;:o , FFA; :::::::::,MAG; 111111 , DAG; I I, TAGo 
2.5 MAG-CLA O)'SfflC:I::}.)J:l£9 1) 1 .-1!: 
FFA-CLA/:7'' !J t!} /O)~i13i (1:5, mol/mol) ~;: 20'"'-'400 U/g (7) C. rugosa !} /" i? ~ 2% (7) 
~ ~ :h, 24 a~r~m~O).:c.A 7 ;v1~$''i 200 U/g 0-J::O) !J /" i?Ji-c YEo.>fit! (80'"'-'82%) ~;:J¥ L-tea 
~tc MAG -2;-:S:,'i, 200 U/g 0) !J /" -1?--c 24 a~r~,oo,~,~-tttc~ '2: 71 wt% ~;:J¥L-, 400 U/g (7) !J 




J • • • 
\ 
' . 
2.6 MAG-CLA (l.).g.Ji.ltl::if3J::'=~ 
FFA-CLA/:7'' !J t !J /'~71~ (1:5, mol/mol) ~~rotrErdN~ 1 g ~t::. ~ 200 U (J) C rugosa !J /~ 
-it C:flk (J)j[(J)7J<:frmJJo L-, ~ L-ft7Y~ G 5°c -c~ L-t::. <~SJ 2-&)o 11<:tr 1% mJJo L-t::. e: ~ ax 
J;t~~J:f(J):fJJW171<5J'-i!~i 1.16 %), rot~i~iC:IvC:"~rrL-ttn~--=>t::.i?~, 2----7% (J)7J<:frmJJoL-t::.e:~, 
G(J)~:Jl~tJ:: ~, C rugosa !J /~ it;O~ri"S't1:1rJE~;t-Q(J)~~~Qf'fli:(J)7J<i6~~.~C'~Q:. C:;O~~~tL 
t~ *t::., 4% (J)7J<:frmJJoL-tcC:~~~24~r"'9~(J)..:r..A7;vf~$,:til::k1~:tr~L-, 7% £J-l:(J)7J<n~1¥ 
1£-t Q J:::J5U;t(J)5fiiJ,:tJJD71<5J'-M{JIJH~ftJ: < :. C: t1if'tM!,~~1.f~ 
7J<O)mJJDS:i?~ 2-----10% (J)fi[i00C'rot:fr1-T--=> t::. C: ~, 24 a~r"'9f~O)oo;t?~J:f0) MAG -2;-:l:'d-1 (" /crr'-
(J)~JJDC:::!t~~~Yl-, f:O) )JC'TAG -2;-:l:'i~JJDL-t~ :.nGO)~:!lfHi, iMU:S:(J)7J<,iFFA C:tm 
51'7~Jv:7''!]to ;vO)..:r..A-T;v{~C:MAG n~GDAG 1rmiS3L-tcTAG ~O)~~:fr{l8i-tQ:.C: 
:tr~~L--cv\Qo MAG ;O~~t~}J$J: < ~~nt::.O)ti2% 0)7J<:frmJJoL-tcC: ~O)oo;tC'~~, 24 








10% 7 h 
24h 
0 20 40 60 80 1 00 
'$:R (wt%) 
' 
Ill 2-6 C. rugosa !J /~ it:frfflv \f::_ FFA-CIA C: :7' !J t!) /O)..:r..A-T ;v{~~~:JoJ:,t-t.f}JM 
7J<)J'ii:~-
-7k:$rli 1% O)&J;ti~f'i, FFA-CLA/~-9 -e !J ~~ (1:5, mol/mot 4.95 g) ~c. 50 J.1L 0) 9 /{-~'ffl'{~ 
(20,000 U/m.L) :a:-JJo.:t 1...-t~ -lk:$til; 2, 4, 7, 10% O)~f'i 4.9,4.8,4.65, 4.5 g 0) FFA-CLA/:7" 
!J -e 9 ~r~lc 50 J.LL O)M*~~ 50, 150, 300, 450 J.1L O)Jk:a:-~o 1...--c~L-t~ !5Utf'i, 500 rpm --c:+ft 




C. rugosa !) .1{-~{t~l;~ L-t~ FFA·CLA ~ 7~ !) -e !J '/O):r..:A 7 ;vfl::,;:jO~ Y"(, 1JJWJ71<5J\t~ 
2% ~;:~AE L-tc. ~~';:MAG 7)~~t~J.J$J: < ~PX:~nt::.o L-?J) L,:r..:A 7 Jv{l::$ri~ 80% ~IJL1i'~ 
JiL-, ~t~~ L--cv\o 95% O):t::A7;vf~{t~o:. ~'i-c'~f~?J)0t~ (ISJ 2-6)0 :r..:A7;vfl:: 
~O)J:~'i, rot*lf10)7J< (M;«~~S3*0)7J< ~ .:r::A 7 ;vft~::J: 0 -c 1::'* Lt~7J<) ~~~To:.~ 
~;:J:0-c~~o:. ~t.J~~~ o?J)t Lnt~v \ -t:. ~, :.nG0)7J<{t~r~~~ L-t~i')~Grothl 
~t ~ito JBbJ<rot {t~ft L t::.o 
xtfffi~ L-t~JBbJ<~~-Jbftv\rot,i, 1L ~A0)40~77.A:::t,;:294g O)FFA·CIA/7~!Jt~ / 
m-5'~~ (1:5, mol/mol) ~ 6 mL 0) C. rugosa !J .1{-~~~ (10,000 U/mL) ~Nt, 5°C, 250 rpm 
-r'tit~ Lfti'J~ GM Lt::a .-t-~~~11::~ IS12-7 A ~;:~-to rot~~'i 2 ~r~,f_&';:~1r~7J)G 7 !J-
-A~,;:~fl:: L, -t"O)f&~k ~;:~ < ft0 t~ .:r:.A 7 ;vfl::$'i 24 a#r~9~ 83% ';:~ L, -t"O)f&ri~k ';: 
~1JO L 72 ~r~,-r 94% ~;:)¥ L-t::a rot~fJJtri (0'"'--24 R¥r~~ ~,i, MAG i'J\-=tf£~~~,i~o iJ\ DAG 
t~PX:~n, 24~r~91&0)MAG ~ DAG ~A'i~tt~'tl 73, jOJ:LJ 11 wt% ~~0t~ (TAG~:It 
'i 2 wt%)0 rot1&m (24 ~r~,~1&) ';:'J: MAG C7) DAG r--..Cl)~~ (MAG ~ FFA O).:r:.A 7 Jv{~ ~ 
MAG r~9 O).:r: .A 7 11--~~ J: '? DAG (J) 7'' !) t o !J ~:A 7)\~)t L -c ~::. '? , DAG ~Ii'J: 72 ~rJ:t9~ 
~;:4wt% ~~~Pl-f::a rot~T~(J).:r:.A7;vf~$,i94% ~, MAG, DAG, TAG (J)~It'J:~tl 
~n s9, 4, 2 wt% ~~0 t~ 
FFA-CLA ~ 7'' !J t ~ './(J).:r:.A 7 ;vfi::,;::Jo J: '!Trot* rp ';:1#£-t Q Jl<(J)~*/I~~~o t~~~;:, 
' 
LiJ~~~ ~ ~~~'./:1~i•lf*6 L -c~r-rrot~~T 0 t~ xtfm~ ~ ~~';: FFA -CIA/7'' !J t !J './0) 
~~~~~ !J .1{-~~w (1JJWJ71<?-J'it, 2%) ~ 4 01=177 :A::J,;:Nt, .:x::A7;vfOOt,iJ:~"i:!~fm c: 
bih~~~41:1Tv\, 24~r~,~,;:77 :A::J ~~~~'./:t~HL, 5 mmHg O)~~~JBbJ<~OO~i:tL 
t~ (lm 2-7 B)o .:r...A 7 Jvfl::~'iti ~ ~~'~D L, 24 a&~,~ (~~r~, 48 ~rJ:t9~ '='i 95% ';: 
itLt~ *.t~, bih~~~j~(J) MAG, DAG, TAG 0)-3ii'i~n-f:n 93, 2, 1 wt% -r!'&J0t~ ::.ttG 
O)~*?J~G,~~~~~~Lt~~O)JBbJ<,i&Jt~~r~,~S~~~ot:.~';:tj]~-r!dJ'J,'*t:.DAG -a-
-~~G L -c MAG -a:1:~~9 (DAG O)~'~to !J ~.A~fR~~o) t:.~'~ttj]~-r:dJo 
JBbJ< Lftv \&JI~,~~:JO't orot~T~Cl)Jl<)J'ii,i, ~~~fE*Cl)* ~ .:t:.A7 Jvft,~J: 0 -r1:JJX L 
t~JJ<~t-c:'lb~, 4.1% ~~t-~nt~ :_C7)7J<~~ftL-ctLtt<-ct, 'l'm~~'~ilLt~~~ 
Cl):r...A7;vfl::$fJ:~l~~lmt:-c'~0t~ (94% ~ 95%)0 ::_O)~*'i, *00~~,~-r:, &:J,~,*rp0)7J<~ 
'J:~~'Ifi~~:JO,to::r:.A7/v~~;:*~ < ftLftv \::. ~ ~~L -cv \oo :_O)~'i?XO)J: 5 '~~;t 
Q:. ~7J~~~ Q;O~t ~nttv\o &J,~,Jm~-c:'dJo MAG 7J~ 5°C -r!l?ilft~, nf*O)B c L-c~a~ 
30 
0 




0 10 20 ~ 40 50 
&r-~(h) 
IS) 2-7 C. rugosa V ,~{-~!rfl!ffl Lt::. FFA-CLA ~ 7'' !J t !J './(J)x:A-7 ;v{~'~:toJ:,I'-9 
/BbkO)n 
2.8 
FFA-CLAJ~l !J -e 9 /O)~i~ (1:5, mol/mot 294 g) ~ 6 mL 0) 9 /{-~~~ (10,000 U/mL) tJ~G~~~bi:J~,?W. 
~5°C,250rpm 1:MLt~b~GMLt~ (A) tiLf~v"Mo (B) tiM;24~rJ:I,~ 0ct=n-r/~~) ~~bi)~, 
~~~~~/:/~ii~L, 5mmHg -r/JM<LfttJ~G*ftiLt~ ;c%0)~f91: O,FFA; e,MAG, D,DAG; ., 
TAGo 
C. rugosa !]/{---e'J:7'/!J;v7;v::z-;v~O)x:A7;v{~JXJ;t'~:to~\-c, 10~12c-CLA J:~ 
9c,lltCLA '~J: ~ ~m< 1'Fffl Lt:. 00 3 ~' ~ 11lfi-c~i£i Q)o ~::. ~ C. rugosa !J ,1{-;t~)fj~ \ 
tc FFA-CLA .!:: :7'  !J t !J /O).:r. AT JVfl::i:. J:: 0 -r -.g-pj(; ~ .htc MAG .!:: DAG (II 2·7 B) O)ff/JPX:IJ~ 
J)jj~O)*ll.fiX:~~tJT Ltc (~ 2-6)0 BUtWM (4 ~r~m~) 0) MAG t:pO) 9c,lltCLA O)~:fiti 
10t;l2c-CLA ~A: J:: VJ f.li < , -*M*fJ: FFA-CLA .!:: :7• !J t !J /.!:: O).:r. AT 1Vfl:: i:.:Jo~ \ -r t 
9c,lltCLA ~~~L~~ v\~v\5ij~})jj~~~ti~~Lt:.o t~t~L, x.A7;v{~5-$<7J~31% '~i¥Lt~ 
.!::~ (4~,m~, MAG 9=J0)9c,lltCIA .!:: 10t;12c-CLA ~-.g-lti-Ltc~:l:i:.)(~ ~ -5 9c,lltCLA~ 
;I;O)'§J}€NJ: 65 wt% -c" <it>-:> tc 0) i:.M L, 7 1/ !J /V 7 JV:::t -JV.!:: O).:r.A T JVfi::&J;t-c"fJ:, K0 60%0).:r. 
AT JVfi:J¥i;:JF9 -5 ~ -c"7 '/ !J JV.:r.A T JVt:pO) 2 00) CIA ~f*~~~ fr:l:i:.)(~ ~ Q 9c,lltCI.A 
~:liO)W!~fJ: 80 wt% .bf-L~*1Wi Lt~ ;:O)ff.ti;!~HJ:, C. rugosa !J /{-i!O)H~J)jj~~t!.IJ::7'' !J t 
31 
!J / C: (J):r.:A7Jv{~J: '? 7 rJ !J Jv7 ;v::z-;v~ (J):r.:A7Jv{~~~:J0v \-c J: '? m~,~~60Gho :_~:a: 
~ L -cv \Qo :.O))jv \,i, 19!bht~i1it (7'' !J t !J /i9~7? !J Jv7 Jv::J-;v), *f~'i&r,ttlffitl (5°C 
iJ~30°C) ~~~(lg L -cv \Q ~~:tGhQo 
FFA·CLA ~ 7~ !J t !J / ~ O):r.:A 7 ;vfl::,:::JOv \-c, 48 ~rt:t,f&(J):r.:A 7 ;vfl::$'i 95% '::ii L,, 2 
0(})-t!f~qi~jp.$-J: < .:r::A7 ;v{t~ht:.o ~v \X :A 7 ;vft$,::)i Lt~t~6b, MAG q:t(J) 2 00)~ti 
f*O)~Jt':t~}Jj(f-t~ibQ FFA-CLA C: ti,IW C ~9J0 t~ L,f~iJ~0 -c, *&f,t*~f*ffl-t Q:. ~ 
~:: J: '?, }Jj(f-t ~ L -c fflv \f~ FFA-CLA ~ 'i'I'IPJ l:ij~JVJ~llJJX:~¥-¥0 MAG ~~JJX:·~ Q:. C: 7J~~~ Qo 


























































s MAG ~ DAG ,'J:, IS) 2-7 B 0),00;t~i~t>t1f;:JxJ~~'ir£~~ !J 7Jij;v7J 7 A7 oy- ~ ~'7 7 -1-~~~LM~ Lt~ 
b £; ciS t, t:I-anfi 
c FFA-CLA O)nlgijjjM)l.llOX., 
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McNeill G 53) f:i, Pseudomonas V /~-~~fflv \t~ TAG 0)7~ V to !J "S/.A&J;t,~:tov \-c, fVt 
i&]tl~rot?~7J~mMLt~!fj\~~~G~~~~r~t~-crot?~~~1t~1tQJ: 5 '~fffij~Q ~MAG~?)] 
$J:: < j::~-9 Q:. ~ 7J~ -r~ Q ~ ~15- L -cv \Q o ~ t~-*,fi}f~'~jOl.t \-c t, ~ 2 ~ ~ 1 r!l-c', P. 
camemhertii !J /~-i!~~ L-t;: 2 ~~in situ rot (FFA ~ 7'~ V t !J '/O)::r...A7 fvf~, :JoJ: -cJ 
DAG 0)7'' !J to ~ ~.A) '~:Jo~t o 2 ~J)f~ 0)7'' ~to V ~ .Arot,=:tov \-c, rot?~~ 5oC -c:U 
To~ DAG ':i~j]$J:: < MAG ~~~~~nQ:. ~ ~~A:t~ :.n GO)~tlffi.~' V to V "S/.A,i,MAG 
~~j]$J: < j:_~~itQrot~ L -c~1J*i¥J-c:,iib67J~, rot7J~'V1~'~)¥9QO)':.*a~rt=t,~~TQ ~v \ 
5 )\. ,~~lv-rv \t~ =. O)!l\.,~~¥~-96 t;:~'=' ~fJr.fi-r P. camemhertii, R. oryzae, :JoJ::V C. 
rugosa 0) V / -\-i!~~gw_t~ L--cfflv \6 ~, FFA ~ 7'' V t !J '/~f.ltrlffi.-r~)J*i¥J'~.:r..A7;vft-c'~ 6 
=. ~ ~~ L-, C. rugosa !J /~-~~~Jtt~ L-t~ MAG·CLA 0)~~'=0v \-c~A:t~ L-~ ~ L-M*t£ 
'~J:: 6 MAG·CLA O)j:_~~ ~ 1¥J ~ Lt;: ~~,C. rugosa !J /~-i! J:: '? P. camemhertii ~ R. oryzae 
!) /-\--eO)J]7J~~j]~-r;bQ:. ~ ta::f!J~t~(f)-r ~ 2 ~' • 2-4), *~-c',i, ~ 1 !JiO)~*~ tl:f:: 
~-c~ Q ~ v \ 51t~~~G P camemhertii V / -\-~~~ L, MAG·CLA 0)4:gg'=~ L-t~rot*O) 
u~~0v \-c~wiLt~ 
1. ~~cf3J:ttn:~ 
~~O)f~v \ftf~:JoJ:: lJJJ'l~fi, m lll;bQ v \f~ 21Ji ~ rwJ t: C'iboo 
1.1 &It 
;J"mm, *m~ ~ tftO)¥t=JJo1J'lt~~~, "'J!Jl~ -c'~~A:t~JJ'lt-c1-r-0 t~ 
*H-c'fflv \f= P. camembertii V /~-~,J:, f)}f*~ L -crtr~~tL -cv \Q 0 FFA ~ ~i'!) t!} './0) 
~i~'~ft ~~JJO-t Q ~, M;«t)}* ~~JJD-9 6 ~ +?t,~?:rfiXi:! f'~7J~~J:: < ~17 Lf~v \ ~ v \ 
5 rR~MA~(;O~;b0t~ -t":. -c'rfffl:ti0)9J6~*~~lilT6t~&1),=, ~iJIJf~-c'O)rot-c', M*'i*f7k 
fm~~WA~ L -ctJ~ G FJf~O)~JlJ=t~ o J:: 5 '~&JJt"r~,=~JJD L t~ LtJ~ L:. O)JJ'lt-c'fi, fJJWJ7k5J'it 
iO~O% O)~*ta::M-96:.~~i-c~t~v\ ~-c1JJWJ7k?J'it7J~ I% ~J:GT)~*~J:, "fJrJi*-c:~ 
IRJ t:J:: 5 '~1XJ~t"~'=ft0)7J<fm~~~JJQ L--cwAlJM Lt~ -jj, ~ 0% O)biJ~~"*'±, M* 
MO)~-c(f)&JJt,rWJX:?t~&J~~~'~NL, ~~1t 5 ~ ~ ~ lRJ t:i®t-c'M~n -cv \Q&h~"r~~'~ 
~*M*~~k '~~JJO L -cW&l~ Lt~ 
33 
1.2 fiJI? c ~ ~ ?"" 7 7 '1' - (TLC) 
1(3)-MAG t 2-MAG (J) 2 00){)L§:~~~11*':t, *?~~~ V 7Jij;v0)¥t~~fflv \f= TLC '~J:: 
'9 7:7~ ~:. C: iJ~C'~ ~ oo>o ~ V j] ij;v-{W~t& (silica gel60, Merck) '~ 3% O)IJ\ ?~~~~~ 
~ft~t, ~rlffi.-r-~n~t~ ~oo:rrn~ 12ooc -r 10 7tr~,~t~f1~t-ctr~G5tiff'~~ ~t~ ~;r 
:a:¥\fJif~'~.A~y ~ L, )PP*;vA/7t ~ //lfFM (96:4:1, ~S;tt) C'J»ifmL,t~ 5J'JULt=~5t 
'J: 50% O)B- _?( ?7 J -;v~~~;ry~~t, 150°C C'~t<:. C: '~J:: '9 ~tB Lt~ 
34 
. . . ... .. ... ..... ---
2. 
2.1 P. camembertii 1) 1~ -t:f~Jf.IL 't=. MAG-CLA 'S.F0Cf::cf.)J:f£9&J;t;li.Ul 
FFA-CLAJ'l"'!) t!) / (1:5, mol/mol) C: 200 U/g (}) P. c-amembertii !) /" ~iPGftg&J,t,j~(M 
*~~S:l*(J)Jl<?J'ii, 2%) ~ 5'"'"'40°C -c'ti¥-f LJtiJ~ GOO¥ Lf: (~ 2-8)0 .:r..A 7 ;v{r:JiliOCt'i7l,I J.t(J) 
J:frC::tt:~~JJo~~n (5 ~r~~ff(J).:r..A 7 ;v1~~~~), v \fn(J)rot7l,l fflJ~:JOv \--ct TAG ~'i~< 
-6'-JJX:~hT, MAG C: DAG t;:Jtt?~-6'-Jft~nt=.o rot~ 30°C :JOJ:V 40°Ccit 5 C:, 24 ~r~,1.&~~ 
~i~f~!i(J) MAG C: DAG i?~-6'-Jft~nt=.o JJ, rot71,1/i(J)f.tfr C::tt:~~ DAG ~£1'i1JlJ.:tGn, 5°C 
(J)lXJ;t-c'~'i 24 ~r~~1.&~~.:r..A 7 ;v1~$~'i 86% ~~J¥L, -6'-PX:~ntc7'S/;v~~l !J to ;L?;-!i,::x;J 9 g 
MAG-2;-!i(J)tr}EJ~'J: 95wt% ~~J¥Lt=.o ft:JO, :_(J)lXJ;ti/MllJ'J: C. rugosa !]/" --e~!IW.tC: LtcC: 
~ (J)biJ,t,nMt C: IPJ 1: -c';b IJ, MAG ~£0)7/,I L:ft~'J:M* J: 19 trot*~t1~~ft<f¥i" o:: C: /?~~ ~n 













20 40 60 80 100 
~· (wt%) 
FFA-CLAJ~t' !J -e !J ~~~ (1:5, mol/mot 4.9 g) ~;: 0.1 mL (f) P. camembertii !J /{-~~~ (10,000 
U/mL) ~~o 1....., 5'""'""'4ot-c:M L...t.tiJ~ ?M Lf~ J)(), ~,OO~iff&, 5 ~r~'~,:toJ:. V 24 ~r~'~,(J)J)(),~,~kiAH.~ 
~;: ~ 1.... ""C7l!lJI ~@]!& 1....., FFA ~ 7 ~ ;v~ !J -eo-;v(J)-2;:S:~;E:S; L-t~ (A) &J,~,rM, 5°C (B) l5°C (C) 30°C 





2.2 P. camembertii IJ 1 ~ i:f~Jt)L 'f=. MAG-CLA ~J5J:r::iSJ:r£91j'IJ i! IJ"' 
FFA-CLA ~~fik 
< 
ft. 0 ~9: ~:r:.A 7 ;v{~O)i*JiJ±~ < ft.!J (5 ~r~~1~0):r:.A 7 ;v1b${r~Jffi), ~ tc lFitr~~~~:B~t 0 
DAG -2;-:ll:{rf~T~itteo rot{rOO~ill--co~G 48 a~r~~1~~~Ji:r:.A7;v{~!¥t'i 90% ~~J¥L-, MAG 
-2;-At'i 87 wt%, DAG -2;-:ll:''i 5 wt% C'~0 teo :.n G O)J'ffi:J;fH~~---5~, 0-1~0)8Ut'"C,'i:7'' !J t !J 













0 20 40 60 80 100 
'$:1: (wt%) 
• 
Iii 2-9 P. camemhe1tii !J /" ~{r,ffllt \fc FFA-CLA C: :7'' !J t !J '/O):r:;z_ 7 ;v{~~~:BJ: liT 
!/' v -e v '/AO)~w 
FFA-CLA/:7'' !J t !J ~1~ (4.9 g) 1;: 0.1 mL 0) !J r~--t!~~ (10,000 U/m.L) :a-JJo;t, 5°C -r:'MLJt 
i:J~ G 1* ~ l, k o FFA-CLA/ :7' !) t !) :/ 0) tJJ I%- : (A), 1:1 (mol/mol); (B), 1:3 (mol/mol); (C), 1:5 
(mol!mol)o FFA; :::::::::,MAG 111111 , DAGo 
36 
' 
2.3 P. camembertii 1)1~--li'~~L 'f= MAG-CLA ~ntr=13~1~T 1)1~--tt 
FFA-CIA ~ 5 .:c-JvJi:O)~i' !) t 11 /O)mi?Ji~';:, 20"-'400 U/g 0) P. camembertii !J /{-~~110 
;t, 5°C -rM Lft7J\ G~ Lt~ (IS] 2-10)o rotJmJ~]'iM*JIJ~ft(if L, roti~ 1 g ~fc_ '? 200 U 
~J:O) !J /"-~~fflv \Q ~, 24 ~r~,{&(J).:r:.A 7 /vf~~'i BO% ~J:J;:Jt Lt~ Lfc_7J~0 -c, ~~~0) 










""' I~ 40 K 
H 
20 
0 100 200 300 400 
1) I <--tf:l: (U/g) 
lSI 2-10 P. camemhertii !J /{-~~fflv \fc_ FFA·CIA ~ -)''!) t!) /O).:r:.A 7 ;vf~';::;o J: 't 
T !J /{-~ji(J)~W 
FFA-CLAI~l ~ -e !J /O)nl~i~ (4.9 g) '~ 0.1 mL 0) !J /{-~~~ (1,000~20,000 U/mL) ~ftOJOL 5t 
-rtt#LtttJ~~AALt~ ij'C%0)~)~: o, 3 ~r~,~; e, 24 ~r1:1,~; o, 48 ~rt:t,&J~,o 
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2.4 P. camembertii 1) 1\ -t!'~Jf.J(, 'f=. MAG-CLA @iJiJ(;f::;Js~ 
:c. .A 7 ;v1~h::Jov \ -c ~~;:J1<:5J'ilJiJ5i)~,Jilil:l:Jo J: LJGJZ1lr~JmO)DZJt$.~;:~~ 0 o .:t:. --r:*f\ 
:c. .A 7 ;v1~0)JiliJ!Jill! < ft.0 tc (5 ~r~=~~f&O):c..A 7 ;v1~)0 :. O)~t'i, M*tim~13£fflJ;:JkiJ~~, 
~-r:lb tJ, &J,~,:f~t=?~;:~lo O)Jk:a:-no;t -c:Jo< ~+0-m~i:a:-3Bm~--tt0:. ~tJ~-c:~ 0:. ~:a:-~~ -cv\ 
0o *fc:c.?-7 ;v1~0)BZJtJilioctJ~1J:j];t Gtt00)t'i, JMUO)JkO):(R±~;:J: tJ &J,~,~~--r:lb0 )y;v~f 
~to ;v (MAG ~ DAG) O)j]DJ1<:5J~~iJ~JJDJili~h0tc66~~;tGh0o 
*~-c:, 71<:5J'iiiJ~~< ft.0ti~'' DAG -2;-:;l:iJ~!~JiJD-90 ~v\5~t~60Ghtc (lSI 2-11 B-E)o 
:_O)~ti, &J~~~*O)~~i~;:J:--J-c~aJJ--r:~ 0tJ~t ~hft.v\ rJJWJ71<:5J'ii:a:- I% ~;:~AE~ -c&J~~~:a:­
OOft$-9 0 ~, 2"'4 ~F~=~~ --r:~?~t'i?~f*l*iJ~G ~ ~ A~~;:~1~ ~, ..'fO):f~O)~{~t'i~k ~;:~ < ~ 
1~ ~tCo rJJWJ71<:5J'ii:a:-~~~ -cv \< ~ , ~{~0)~1rr0a~r~=~~t'ill!h -c ..'fO)~ ~ t t~Jvt~Jvrt.GtJ~ 
< ft.0f4 :.O)&J,~~{~O)~ti0)~1~:a:-~jj:-90 ~, ~*t=?O)Jk:5J'iiiJ~~< ft.?:J ~ MAG 0)~1~t'i 












0 20 40 60 80 100 
~· 00 
. 
FFA-CLAI~l Y -e Y ~7~~~, 0.1 mL (f) Y /{-~'AA~ (2,000 U/mL}, j:OJ:: Vl.k:a:tm;t Lf:., FFA-CLA, 
~~ry-e Y /, Y /{-~7.k~j:aJ::"(F7.k(J)~:I::a- 5 g .!:: L, biJ,~, a- 5°C -r~LttiJ~ ~fT·-::>f:., 0% (f) 
&J;tf'i&J;tt~~~*(J) P. camembertii Y /{-~:a-~k ~~lt=JJO Lt:., (A) 7.1<~0:1:, O%; (B) 1 %; (C) 2%; (D) 5%; 
(E) 10%0 , FFA; ::::::::: ,MAG 111111 , DAGo 
• 38 
' 
:fJWJ17J<n'A:7J~ O% 0)~-c:, 24 ~rt=t,f&O).:r:..A 7 1vft:¥'J:~~~~ 1~tr~0 t~ (I] 2-11 A)o ::. 0)~ 
7J~ 24 ~r~,~f&~(J)J:? tt*-!fJo/~1~~~-t(J)?J~,~~~~~~~mt·G-t~::. c '~ L-t~ 
FFA·CLAI:J'!) t!) /iltfli~ (1:5, mol/moD ~~ P. camembertii !J /{-~O)ro*~~*illtiJ~ 
200 U/g '~ftQ J: 5 '~~k '~}Jo;t, 5°C -c:MLft7J~GMLt;: (IS] 2-12)o ll<~~JJO Lft< -ct, 
*~ 20 ~rt=t,1&7J~G~,J:~,~~1TL, 72 ~rt=t,1&,~.:r:./<7Jvf~¥'J: 92% '::i!Lt~ 'l'~~'~i¥ 
Lt;:JXJ~"i~rpO)MAG ~ DAG (J)-2;-':i-t-n.:t:n 91 wt% ~ 3wt% -c:'&:J0t~ ::.O)*S*tJ~G, P. 
camemhertii !J /~-~'J::r.;<7 Jvft:~'~J: '9 (±JJX: Lf;:j/'ji0)7J<-c:'b+)ti5t1:fr:~n, WJ¥J: < 






0 20 60 
IS] 2-12 P. camembertii !J /{-~~~gw_t~ L -c7J<~JJO;t T'~ FFA·CLA ~ ~, !J t !J / 
~.:x..A7 Jv{r: Lt;: ~ ~ ~fJo/~fr: 
FFA-CLAI!l !J -e !J /~i~ (1:5, mol/mol.; 300 g) ~~~*0) P. camemhertii Y ,r~-;t (1.2 g; 60,000 U) 
~~k ~~~JJO ~, 5°C, 200 rpm ~M GftiJ~ GM Gt~ ~i}O)~J~: 0, FFA; e, MAG; D, DAGo 
2.5 P. camembertii 1) ~~-it~l')l, 'f= MAG-CLA ~li.X:f=~~f~TMVJ<O)ft 
7l<~~JJ011: f'';: FFA-CLA ~ ~ i'!Jt !J /~.:r./<7Jv{r:-9Q ~, '1'1ti'~liTQ*-c:':: 72 ~Ft=t,~~ 
Lt;:7J~, .:r.;<7Jv{t~$<'-J: 92%, MAG -2;:1l:'i 91 wt% *-c'J:.~ Lt;: (II 2-12)0 -1J, 2% 0)7]<~ 
~JJD-t Q ~, ~'iJm~7J~'~jjg1-J L -c~ 40 ~rt=t,-c:'l'1ti,~Ji Lt;:iJ~, .:r.;< 7 Jv{f::.5f<'i 89%, MAG 
-2;:fl':t 87 wt% -r!'&J0 t~ =.n G (J)rot,:i, 90% O):z.:;< 7 Jvfr:~¥<-c' 2.1% 0)7}< ~l£jjJZ-~ Q
0 
~::. 
~, J: '9 ~v \.:J:/<7 Jvft$~ MAG O)l{){$~~~Q t;:~rc., lxh~,,~jOJ::,ITJBbl<~W~i'M~t~ 
FFA-CLA/~ .. !J t !J /lm~i~ (1:5, mol/mot 294 g) ';: 200 U/g 0) P. camembertii !) /{-;t~J]f] 
39 
;t <M*~~J!l*0)7J<)J't, 2%), 5°C -c:ti¥-¥~t~7J~G1*F¥~t~ t~jO, M~~ ~t=rot,:tti~1t 
t>-9\ ti':trot7J)~i,tJE~';:JiLtz:. 20 ~rt=t,f&t.J~Grm~a~t~ fjfijrot~~~ft~~ 2-13 ';:~ 
To tii! f',;:rot~1-r~ t=. ~ ~, .:r:.A-7 ;l/ft'i 20 ~rt:!,'* -e-':1:~'=' ~f&':t'~k ';:~1t ~t~ 
:r:.A7;vft$':t 45 ~r~:t,1&'=. 90% *C'l:~ ~, =0)~ ~O)roti~9=JO) MAG ~ DAG O)~flti~ 
n~n, 87 wt% ~ 5 wt% -c'~0 tz:.(IIJ 2-13 A>o 
JBbj(O)ft~WM~:O tz:.cY),=., Mlffi ~ Ltz:.rot ~ fRJ C~lf:-c 20 ~rt:t,.:r:.A7 ;vft~1T~ t::.f&, rot 
~~~@*'//~;:if~~ 5mmHg O)~T-cJBbJ< ~ft7J\Grot~$f!Jf)c~tz:. (IS] 2-13 B)oJBbJ<~OO 
~a-t~ ~rm~~;:.:r..A7;vft~$<0)J::~7J\~cY)Gn, 16 ~r~9f& <~Mtrfl,,i 36 ~r~~ ~=x.A-Tlvft 
$'J: 95% *-cl:~ ~t~ 'I'~~~';:JlLtz:. 36 ~rfl,f&O)roti1~~0) MAG ~ DAG O)~:it'i~tL~' 
n, 93 wt% ~ 3 wt% -c'dJ0t4 =O)~*J: tJ, ~rf=I90)Wc*t~, .:c.A-T;vft¥~ MAG 0)1&$ 
(7)~J::,;:JBbj(7J\tj]~-c'~Q ~~miD ~f4 
100 
80 






0 1 0 20 30 40 50 0 
&Jt ~M (h) 
B 
10 20 30 40 
J.iJt-M (h) 
Iii 2-13 P. camemhertii!) /"-~~c!::: ~t::. FFA-CIA ~ -7'' !J t !J './O)::r..:A-T Jv{~';:jS 
J:~I~91BbJ<O)M 
FFA-CLAJ~l ~ -e ~ /~~~~ (1:5, mol/mot 294 g) ~:. 6 mL (J) ~ .r~-~'W{~ (10,000 U/m.L) ~~J.m L, 5°C, 
250rpm -c+M L-fct?J~ G~ Lt~ (A) ti~rr--:) -cl.t \f~l.t \'Xlt~o (B)tioo;t'o rot~OO~a L -c 20 ~r~,~ (9;( 
F{J-c~-t) ':.&J;t~fii~Jj;~~/~':.tm L, 5 mmHg (J)~T-c+ti Lt~?J~ Grot~M Lt~ ~%(J)m 
~: 0, FFA; e, MAG; 0, DAGo 
40 

2.7 P. camembertii 1) ~~--tt~mL 't::&lt~~Rl~tLt:: MAG CT.>DB 
III2-13A ~ B O)roti~tr~G MAG ~~~ 7Jij;J,-1J7 A7 o? ~ 7''77 ~-cff~ L,MAG 0) 
ij~Jljj~ll!JX~?tfJT Ltz: <a 2-6)0 .:r..A7 ;vf~$iJ~ 90% ~J:J~l!L -cv 'tz:=. ~ t~ ~, MAG O)ij~ 
JIJJ~ll!JX':i'*f~~ L -cfflv 'fz: FFA-CLA O)*ll!JX~ ,i,flPJ C: -c'~0t~ =.nJ: ~, ~-c'i{fr\·r Ltz:Jm 
71< LfttJ~ G0)1~rlffi..:r..A7 ;vfl::~fiJffl-9 o ~, J]j{f~-c'~Q FFA-CLA ~ ~ C:ij~JIJJ~llJ1X:O) MAG ~1:. 
im-c'~ Q =. ~ ~~~ Lt~ 
fl 2-6 P.camambertii ~/{-~~fflv'tcFFA-CLA C:7'' ~t~ '/O)::r....A7;vft~~ 
J: 0 -c~PX:~nt~ MAG O)ij~~n~llPX: 
rotM (FFA-CLA)a 6.4 







9c,11t 10~12c -tO){tt! 
34.3 35.3 3.7 
34.0 35.9 4.1 
JUbl<OO~~, c 5.9 2.2 16.5 34.1 35.7 4.0 
a £it~ L -cULt:. FFA-CLA O)ij~JJ/j~.fl5X.o 
b lSI 2-13A ~~~ Lt:. 45 ~rt:t,~0)1XJ~~'\i~J: 'J m~ L t:. MAG O)ij~}j/j~.fl5X.o 




m 1 J!iO) 2 ~[9t .m s1tu rot~~ 2 ~rr:l,~z,~~ Lt~rot~r~,,:t" 1-ltrlffi. (5°C) ~O).:r:-A7 ;vf~ 
~*~~~-to=~ ~~J: ~" *~~a~J:t&~o = ~iJ~~~t~ *-t~" -~rr:l,f&~~Jm7J<~OO~aL -cJ.X 
~~*~tro = ~ ~~J: ~ "rot~rr:l,~ 3o~36 ~rr:l,*--cUff-to:.. e: ~~JJti=JJ Lt~ :_(J)biJ,~"*~':t" 
rot~~0)-0 (MAG) ~~{~~it-cfi,~if~~;ht~< -to:.. t~~J: ~" ~~§l¥JJ5Ttij~~t 
~ito:.. ~iJ~~~t~ =(J)J: 5 ttrot*':t" rot~e~1tttiJ~G-EJPX:~:nt~rotim~~~~~ 
*51-~~teT:. ~ iJ~C'~ o t~'9J" m situ product removal tiJJ~ ~n -cv \o})iJ'~"*'~?t~T o:.. t iJ~ 
~~ oo ~'~rot;m~~roti~iJ~GJ& ~ t±iTif£~*ll~~u:.. C: t~<" t~t~~~t~~~tJ:~~ 
;t -c 1 @])j-O)JX};t~ § 13"Jim~O)IJZ1~~~*t1Ii~~jWj&9o :.. C: iJ~~~ Qo L t~iJ~0 -c~-c'lzl!~-c ~ 
t~M-':i" ~JtJ{~~~t~ Ltc~Jf~im(J)&J,~,/(~~~T o C: ~ (J)-~O).:c7';v~~~~ Q C: ~ :t GtLQo 
~ 1 ~ 3 rJ~J~bt~0 -c~~t~iJF'lE*i!i*iJ~G, 1.ltrlffi.~1XJ,~,~1t 5:.. e: ~~J: 0 -c MAG 7J~~1~ L" M 
*iJ~~f~Lt~MAG ~~~C'~tt< ft~ "&J'~'~§t'fJJ5T~'~t~itQ:.. tiJ~~~ Q ~~:tGnt~ 
:.O)W"tmf,~lli, Pinsirodom G 62> ~~J:0-ct~~~hteo ~G'J:" P.camembertiiij/{-~~ 
9.lt: L -c, MO)~ttoij~J)Jj~=B~~O)~t~Qij~}jjj~~~l!Jt !J /~.:r...A7;vf~L, MAG 
7J~1:.~~holi;~tffdll (MAG iJ~(:t~~tL" DAG iJ~~£~ntt< t~o¥.mllt) ~i!lU~Lt~o :_(!)~ 
WtliUl]:i~~~nt~ MAG O)M!t~t5G~'~t§OOL.,tc:.. ~n~GJ:;cO)~~'J:JELv\C:~~L, -cv\Qo 
~ G~~1&G':i" ~~~0) MAG O)it~'~f-tC'~o FFA O)lt~t tt§OOL,tc:.. ~n~G, I&!Wt!ift 
(MAG fi-~O)Ut.lffilt) 'J:)Jj{'f-t~ L, -cJt.Jv \oij~JI/j~O)Mt~iJ~Gfl~~ o C: tffl~ L, -cv \Qo 
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Jfl4ll P. camembertii 1)1~--t!~M~ Lt.:ti&ltf=~~ MAG-CLA Q)H 
~ 1 ~ 3 !Jic~A:-c ~ t~ MAG-CIA O)~PXJJit,J:, fru~ ~ v \ 5 x.;fJv:¥-H~Jt~O)w,t* 
~dJ{>o t0)-0< ~ O)it~n:\G'i~x.;f,v:¥-~O)~Jffi.~O)&J~~,;6~~t'* Lv\ ~ G'~M~Lt~rot 
*-c''i, [VtO)IJZ1jj~ MAG ~JJX:~~t~itQt~&')~~, FFA-CIA '~ML -c 5 -t1vAO)~~ ~ -e !J / 
~~ Lt~ £Jt-O)~p,J:, )Jj{ft~_J,jt0)1frj*~~~~ ~'* G-9\ NJ;t~O)'J~f~~, 1XJ~t,1&0)~~'~ 
i*Qjtffl0)~~~'~0t~iJ~ ~, t0)-0< ~ O)~fflf~/o-e:A~~~#Q~O)Dt~~WTM:fi0)~0~ 
lfJQo -t:. -e, ~lffi.-en~0yt~v \~~ ~ t ~ /Jt-c MAG-CIA ~5C1J$J: < ~JJX:-c~ Qm ~v \rot* 
O)~~~~MLt~ 
~ 1 IJl-c~A:t:.-bJf~-c', P. camembertii !J /-\-~:H9W.lC: Lt~ 30°C -cO) FFA-CIA ~ ~~ ~ t !J 
/O).:r.:A7;vfl::~~tov \-c, &J"tO)~t:pn~G~~~il&')Q C: MAG n)G DAG ~oY~~iJ~~:. ~ ':. < 
v\C:v\?i~Ji[P]~~~t:. (11]2-2)0 -*I!le',i:.O)~'~f3 L, ~LftiJ~GFFA-CIA C:~' ~t~ 
/~:x:..A 7 ;v1t-9 QJJ¥t~~A L-, ~.ffit -cn:\0o/ftv \7'' ~ t ~ /:lie'5Cj)$J: < MAG-CIA ~-€11JX 
-c~ QJJ'lt':.0v \-c~wtL-t~ 
1. 13 J: tJn'! 
~CAiltO)ftv \ftf_J,jOJ:LJJJ'l~'i, m 1--3lllC: ~ t, -c<hQo 
1.1 
'J"mm, :toJ:v*m~~ tm 1 t~ 1.2 '~~~~t:.1J'lt'~~c,-c1tv \~  L-tttJ~GO)rottt, 
&:h~~~~~~//~L 5 mmHg O)~r'"CiT0f:.0 .:r:.A7;vfl::~'i[Vt*t:pO)~~JjJJ~(7) 
~ ;v~~:.MT Q 7 ~ ;v~t' ~ to-;v'~~-€1 L t:.H~JJJ5~(7)-t ;v~J: 'J )lte L t:.o ftto, FFA, MAG, 
DAG O)Wt'J:~tt~lt, 280,354,616 C: Lt:.o 
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2. *BJ! 
2.1 P. camembertii 1) 1 ~-it'~ Jf.l ~ 'f= MAG-CLA ~Rtf::~~ 1£TJ6VJ<O)ft 
FFA-CLAI~l'!) t!) /{~~i~ (1:5, mol/mot 294 g) ~ 6 mL (J) P. ca.memhertii !J ,1{-~m<~ 
(10,000 U/mL) ~ 1 L ~ji(J) 4 0 1=17 7 ;A ::z ~~A.h, 30°C -c~-tt 9'''::.00* (250 rpm) Lf~tJ~ 
Gm Lt~ (IS] 2-15 A>o MAG fJ:lXJ~~"1JJW1J: ~ ~PX:~tt, MAG ir~G DAG ~OY~~J:i 2 ~r~,1~ 
J:: ~~a~ 0 t~ ~':t. 24 ~rt=t,~'l'!\Viti,~Ji L, ~(J)~(J)x;A 7 Jv{l::~':i 84% ~, ifE~(J) MAG ~ 
:S:'J: 41 wt%, DAG~!~JJ: 45wt% C'ib0teo FFA-CLA C: ~~!) t !J /(J)x;A7Jv{~':i71<~~ 
JJX:T'6t~~, ~i~lf!0)7J<?J~A'J: 24 ~rt:f,1&h:.'J: 2.2% n~G 4.1% ~C'J:~ Lt~ ~tc, ~i~ 
~~Jt~'ilJtU::.J: 0 -cnaJ~ C:71</1~~7J'~t-c~JI0)7J<?J't~atu~ Lt~ ~ =~, 24 ~r~,BUt1~~~~,, !J -e v 
/j;0)7J<?J't'J: 3.3% n~G 5.9% ,~, ~t~ntlJI0)7J<?J't'J: 0.4% n~G 1.6% '::.1:~ L -cv \t~ (IJ 
2-15 C)o 
rot~~~@~/7,~idi*i!i L, ~fm~-b#n~G 5 mmHg C'MbJ< Lf~tJ~ GBUt~ff 5 ~, MAG 
0) DAG ~O)~~J:1!1J;tGn, MAG ttl&$J: < -6'1JX:~tLtc (~ 2-15 B)o oo;t~~tJ~-c 24 ~r~,1& 
O).::r:;A7;v{~~fi93% '~ilL, =O)~,~~O)i~JIO)MAG C: DAG O)~iiJJ:~tL-t'tt85wt% ~ 
9 wt% ~lb0 tCo ~JJO Ltc !J .1"-~*~~fE*O)* C: :r.;Ar ;v{l::,~J: ~ ~ Lt~lk,iMbJ<,::.J: ~ ~ 
~~n, ~~i~lfl0)7J<O)~ji'J: 24 ~rt:f,f&'~''i 2.2% 7J~G 0.2% '~~:Jr LtCo bth~"i~1t~JL~ 
*'~J: 0-cna~ ~*ll'~n'~t-c~JI0)7J<?J"a1ti!t'J~Ltc ~ =. 0, 24 ~rt=t,BUt~,::.~,, !J -e !1 /~0)* 
n't'i 3.3% i6~G 0.2% '~~jr Lt~;O~, 71HJI0)7J<?J't':t. 0.2 n~G 0.5% O)rt:f,C''l'~f'-~1l~ML 
tc (lil2-15D)o VJ:.O)~*n~G, mbl<Lt~;O~GO)~'i, FFA-CLA C::7''!Jt!J /O).:r.;A7;v{l::$ 
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Ill 2-15 P. camemhertii !) /{-~~fflv \f~ FFA-CLA ~ ~l !J t !J /O).:r:..Ar ;vf~'=iOJ::,I'-tJm 
lJ<O)~· 
FFA-CLA/~· !1 ~ !1 /t~~~ (1:5, mol/mol), 200 U/g (J) !J /-\--t~\ jOJ:LJ 2% (J)l.K E±t*C7)7j()7J~G 
fto~~300 g ~4-0077-A:::l,~N'L, 30°C, 250 rpm -c:~L,ft?J~GML,t~ (A) ~ (C) ''iti1t 
-r~~IT-'=>f:.rot-c:~'J, (B) ~ (D) ''i[)iJ~~$~~@~//~i+*tL, 5 mmHg -"C:til,ft?J\Gff-'=>f:.rot 




2.2 P. camembertii 1)J~--tt~J¥.1L 'f=MVJ<Kl'-c!O) MAG-CLA ~ntr=13d:l£T~ 1J i! 1) ~­
O)ft 
FFA-CLA, 1 '"'--5 .:c ;vJlO)~" !J --e !J /, :toJ: V 200 U/g 0) P. camembertii !J /-\-~ml~ ~ 
i~rfl0)~5toJ<7:7'ilt,J:2%) tr~Gt~Q[)(JI~'\i~~ 30°C ~~ (5 mmHg) JBb1< Lf~iJ~G'fmLt~fffi*~ 
~ Lt~ (Iii 2-16)o ~, !J --e !J /j{O)!WJO ~~~~ FFA ~ ~, !J t lJ /O):t:.A 7 ;v{I::O)Jmll]iJm < ft-0t~ 
'it~7,, !J t !J /-iJ~:Pft < -ct (FFA '~~ L -c~.:c;vO)~,, !J t !J /) oo;t~rt=t9~ 120 ~r~9'i-c'}Jf* 
TQ ~ ,.:r..A7;v{l::$,J:97% '~i!L-,MJI9=JO)MAG ~ DAG O)~fi,J:-t-tL~'t184wt% ~ 9wt% 
-r:~-0t~ =.O)Jffi*J: 19, Mbf<'J:FFA/7"!)-t !J /O)~I~iJ~ 1:1 ~~-0-ct MAG iJ~G DAG ~0) 









0 5 10 
D 
15 20 25 0 5 10 15 20 25 
rll 2-16 P. camembertii !J /-\-;t~_t~ Lt~ FFA-CLA ~ ~, !) t!) '/O):r.:A=j-;vft~;::JoJ: 
't~ 7" v t !J '/fi:O)n 
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S¥1titJ\~'=:J3~tQ.:r..A7;vf~$, MAG :toJ:VDAG ~-~~~Qt~~'=' rsl 2-16 (J)~~~ 
.::r..A7;vf~$75~-~100]=--JY90 'i:-c:~* Lt~ FFA-CLA '=xrL -c 1, 2, 3, 5 .:c;v(J)~, !J t !J /~ffl 
v \t~ ~ ~, 120, 72, 24, 16 a~rt=f,f&,=.:r:;A 7 ;vf~$,-JJl~~E'-~~=ll Lt~ (96--97%)0 :.nJ: ~, FFA 
~=~L -c 1-=E-fv~J:.0)7'' !J t !J /~fflv \t~~ ~, ~~ !J t !J /A''i~O)~~=nLrtv \:. ~iJ~~ 
1J~0t~ 'it~, MAG -JJ~t:>DAG ~(J)~~~=toJ:~IT~' !Jt!J /ji(J)~W~IDM~Qt~~~=, ~~ 
'=:to~t0.:r..A7;vf~$,=MQ MAG ~ DAG 0)~-~7'o 'Y ~ Lt~ ((S] 2-17)o ~(J)~*' nEll 
O)MAG ~-~ DAG ~:SJJ:.:r..A7;vf~$,=0)~~1¥L, ~~ !Jt!J /!t,=M~nftv\:.~iJ)i!iJ~ 





• ~ra 40 
20 
0 
0 25 50 75 100 
I. AT J)., it. (0/o) 
~ 2-17 FFA-CLA ~ Af~-0 t~ft.(J)~' !J t !J /(J).:r.:A7 ;vft,=:J3~t QX.A 7 ;vft~t< ~ MAG, 
DAG ~JtO)tE)MJW,* 
ISJ 2-16 O)~~:a:-.:r:.A7;vf~~7J~-IE~~~ctQ*~~~L, ntJ)tjr:flO)MAG t: DAG ~-~:x..A7;vf~~'~ 
%JL -r7o 'Y ~ Ltc.o~r~=t,t:.x..A7 ;vf~: FFA~~ML -r 1-=r;VS:O)~ .. !J ~ !J ~~fflv 'fc.~, 12o~r1=1, (.:I: 
.A7;vf~, 97.2%); 2 .:c-;vtO)~f!l t !1 ~, 72 ~d1 (95.7%); 3 .:r;VJtO)~ .. !J -e !1 ~, 24 ~rd1 (.x..A7;vf~, 
96.9%); 5 .:c-;VitO)~l !1 -e !1 ~, 1s ~rJ:l, (97.3%)0 ~c%0)~~= e, MAG (1 .:r;VA:O)~- !1 --e !1 ~~.mv 'f:.biJ~~~); 
., MAG (2 .::CJVitO)~t' !J ~ !J ~); ., MAG (3 -=E-JVftO)~- !J ~ !J ~); +,MAG (5 .:CJVjtO)~- !J t !J ~); 0, 
DAG (1 .::C JV:5:0):7' !J t !J ~); 0, DAG (2 .:r JVi{O)~t' !J t !J ~); 6, DAG (3 .:c JVjiO)~l !1 t !J ~); 0, DAG (5 
.:CJV:t0):7' !J t !J ~)0 
48 
//' !J t !J /jO J:: V 200 U/g 0) 
P.camemhertii !}.1~ --ei6~i? ftg~~~{i:' 30°C C'3it.:fLJt7J~i?OO#Lfc (ISJ2-18)o 1JWJt7k5J'A 
7)~ 2% J2.rf0) C: ~, ~JJ!ill (4 H~Ff'l~i&O) FFA-CLA O)~jre'~~:(lg) 'jJ9:,tiRJ t: C'lb·::>tcil~, 
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IS] 2-18 P. camembertii !) .1~ ~~!l&.tC: Ltc FFA-CIA C: /}''!) t!) /O):r:..Ar Jv 
f~~;:jO J:: ~~--r:m 
' FFA-CLA/~- !J -e !J ~1~ (1:2, mol/moD, 200 U/g 0) !J /{--It, :to .tV 0.5"'7% 0)7)(ir-l:>ft0Bt 
/tr~ 300 g :a- 4 0P77 .A::z~;:.AtL, &J~~~:a::-~~~/7" b.~L-t;:, &J,HJ: 30°C, 250rpm 1:tli 




2.4 P. camembertii 1) 1 ~--tf~ 1'JL 'f=MVl<Ml'~O) MAG-CLA ~nto:>Mflil: 
FFA-CLA, 2 -=E ;~O)~l' lJ t !J /, 200 U/g 0) P. camembertii !J /"--e ( !J /"-~~~t33*0) 
7k?J~'il%) tJ~Gftoroti~~30°C ~mbJ<LftiJ~G (5mmHg) i*:~Lt~rot~~~{l::~ [g) 
2-19 A '~~To ~f}JO) 24 ~rt:t,~ FFA c 7'' !J t !J '/O):r..:A 7 ;v{l::,i1@i4H~~1i L, FFA O)~jr ~ 
*'~ MAG ~-~iifJJO L teo ~O)f~ t FFA O):r..:A 7 ;v{l::'i~k '~~1i L, 72 ~rt:t,~O)x.A 7 Jv{t 
~'i95% ~~~Lt~ =.O)~~O)roti~ (ntl~) q:tO)MAG ~at DAG~:It,i, ~h-t'h90wt% 
~ 6 wt% ~lb0 t~ *rot'~:Jov \-c, nall t 7'' !J -e !J '/JI0)7J<7J'tO)m~AE~~t~tJ\, 16 ~r~,J;{ 
f&O)~i~~i, ~~L\~-L -ct 2 00)~'~5tMLftiJ~0t:.O)~}Xf;ti~~{*0)7J<)j:a-trm~~L IS] 
2-19 B '~7o '/ ~ Lt:.o rotr~q:t0)7]<5]"2;-AJJ:~f}JO) 24 ~rt:t,~ 1.1% n~G 0.2% *~~:P L, ~ 
O)f&O)~{l::ti~~ GhftiJ~0 t:.o 
P. camembertii !J /{-it~c L -c FFA-CIA ~ ~~ !) t !J '/O)x.A=j-;v{l::.fr 5°C cii0t~~ 
~, 11Ltii~Ati~i 1,3-f1L~At3"J~lb0t~ <m 3J!l, 181 2-14)0 :. :. cii0t~tirot~O>f1Lti:¥i=~ 
ti ~wm~o t~ ~,~, ocr,ti~n'O) TLc n'tJT 1r1-r 0 t::o ~ 0)~*, MAG O>f1L~~tif*O)' l t 1v c' 
ti 1(3)-MAG -c'9J ~, 2-MAG 'i 10 a~r~,£Af~'~tp~~te ~nt~ :_O)~*J: ~, P. camembertii 
!J /"-it':tti Lf~7J\ GO)J.XJ,~,*~t 1,3-{1l~J~lt1~7F-t tffitn& Lt::o 
ti Lf~iJ\ GO)&r,t*iJ~~~~t:.:. ~ '~J: ~, f~tlffi. (5°CJ;A~) -c'&r,t~1t:bt~~tttA:ff~ Gf~v \ 
~v \5 !7\.,~, 13J:V1MiJii (5 -=E-;Vft£AB 0)~,, !J t !J '/~~ Lt~'tn,:ft~Gftv \~v \57::.~~~ 
¥~-t{>:. t iJ\~~tc..o f~:!O~' !J t !J '/A'~~ L -c,:t, :. :. -c 2 -t;vO)~,, V t !J '/~~ Lt~t=~'~ 
95% O)x:A7Jv{t$~~o0)'~ 72 ~rJ:t,~~Lt::o :.O)ocr,t~rJ:t,,:ti~JU:li~'' !Jt !J '/1r~-t 
o:. ~ '~J: 0 -cmM~ Q:. ~ iJ\C'~ oo ~,, l) t !J '/fi~ 3-=£-Jv,~T o ~ 24 ~r~,-c, ~ t:. 5 -=t Jv'~ 
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IS) 2-19 P. camembertii ~ /{-it~!IW.t~ Lt~ FFA-CLA ~ ~~ ~ --e !J '/O):r..:A 7 Jv{~O)*!~ 
~f~ 
FFA-CLA/~- !J -e !J /¥~~~~ (1:2, mol/mot 297 g), 3 mL (J) !J /~--lttm~ (20,000 U/mL) ~ 1 L ~-(J) 4---::> 
0 77 :A:J~~AtL, oo;t~~~~~/7~~iffffiLt~o 1XJ;t':t30°C, 250rpm -c'MLf~tJtG 5mmHg (J)-
r-crr0t~ (A) &J~~,r~ (ilBJfB} 9=JO)Jftjt~~ ~%(!)~~: 0, FFA; e, MAG; 0, DAGo (B) &J~~,r~9=JO) 
71<))17;-t, 
2.5 MAG (J) DAG ~O)J:-f::(}S~f£T7J<O)ft 
::.tv~-c'O)~:WdJ:, OO~~~*rp0)7J<?J'ii7J~~lt \<!::MAG 7J~G DAG ~0)~~7J~~1Tto::. ~ ~ 
~ Lt~ MAG 7J~G DAG ~O)~~!)J~£\~ttrot~t:pO)~~Jk~M ~;i<~o::. ~ 7J~-c'~~1A'f, IX 
~~$1Hi=PTQJ:-c~j]-clbo ~~;t, Yr0)•~1t0t~ 
~T1~71<7J'ii~ 1% ~::~~L, 200 U/g 0) P. camembertii !J /-\-{!~~!IW.l~ L -c FFA·CLA ~ 
2 .:t-;VA:O)~" !J t !J '/O)i~~i~~ 30°C -c'Jm?k (5 mmHg) Lf~iO~ Grot~itt:: ((i) 2-19 ~ fRJ t:& 
~~tf:)o oo~~,~rm~a L -c 24 :to J: v 72 ~rt=t,~&O)&JJ~,r~~::~**5J'iitJ~ o, o.5, 1.0, 2.o% ~~~~ Q J: 5 
'::71<~1Jo;t, Jm71<1:t f'~~ 48 ~t=t,rot~• Lt:: (ft 2-7)0 
JBbk L-ftiJ~ G O)rot~ 24 ~rt=t,1T 5 C: :r..:A 7 Jv11::$~'i 83% '~li L, MAG c DAG ~:lt'J: -ttL 
~h81 wt% C: 5wt% -c'lb0t~ ::_0)1XJJ~,*~~7k~~JJlHi f', ~J±-c OUM<1:t 9"~~) rot~EL 
-ct:c.:A7;v11::~~1tL, .:r::A7;vfl::~~J:0-c~~toJ<O)~f#~~~t-c MAG O)-$,J:DAG '~ 
~~~nt~ -ttt:bt:>, 24 ~rt=l, <~~rt=t,, 48 ~r~=~,) -c7kn'ii'J: o.I6% 7J~G o.7I% ~--c~;t, 
48 ~rt=l, <~~r~=~1, 72 ~r:t,) -co.74% ~-ciiJJoLt~ ::_O).:r..:Ar;vftO)~fi!J ,1{-i!,~J:Q 
MAG tJ~G DAG ~0)~~~~1f~1t, DAG ~-,J:~~J:f,7J~ 48 ~Ft=t10)C:~~~ 5 wt% tJ~G 
I7wt% ~-cit;t, 72 ~rt=l,~~~':t 24wt% ~-c~~l:¥1- L-t~ *~~*MtJ~ o.5~2% ~~~~Q J: 5 
51 
~;:~JJo-t~ t, :MAG n~G DAG ~O)~~,:t~ G~;:1JoJm~tL, ~* 2% ~;:tto J: 3 ~;:JJ<~~JJO 
L t:. ~ ~, ~~r~97J~ 72 ~rJ:t9~0) :MAG C: DAG ~fiJi'i'I'~ l < ft.-:> f4 
JmJJ< Lt~7J~ GO)oo;t~ 72 ~rt=f91i 5 ~ x.A .:r ;v1l::~'i 96% ~ t~ ~,:MAG ~ DAG O)~:lt':t~tL 
~h91 wt% C: 6wt% ~~0f4 :_O)&J~t,~~'~*~~JJO-li f'~;:'AtJ±~ OObJ<-tt f',~) ~ G';: 48 ~ 
rt=f,oo;t~~~t ~ e: <~~r~,, 120 *r~,), x.Ar;v1l::$':t 96% n~G 98% ~~J:~ L, ~O)::r..A 
-r ;v1l::~;:f*0 -c, oo;t?~rp0)7J<?J't'i o.15% n~G o.22% ~ -"t1~n~,;:!WJo Lf4 ~ O>tiin~t~~ 
-"tt MAG O)DAG ~O)~~Ji~1TL, DAG ~-Ji5.6 wt% n~G 10.2 wt% ~ctWOLt:.o t 
f:J~!v MAG n~G DAG ~O)~~':t, 7]<0)mJJDjt,;:t€J~L -cfU~nt:.o ~*~3l:7J~ 2% ';:t~Q 
J: 5 ';:7J<~~JJO L -c 48 ~r~, (~~~=~,, 120 ~rt=f,) OO;t~~ o C:, MAG C: DAG O)~~'i 
~i,iWL< tt.0f4 
*~~'i, 71<~~JJO-tt f',;:mvJ<~ll:~o t~~t-"tt MAG 0) DAG ~0)~~7J~~~--:> t=.o Lf:_i'J) 
0-c, ~I¥JC: Lt~ MAG 0) DAG ~0)~~~1Jll;tomt*rftO)~W.71<7J't~>i<:~Q ~ C:'i-"t~-9, 
MAG n~G DAG ~0)~~7J~OO;t?~rft0)7J<)J~I\:,;:t€JOO-t o ~ C: i'J)~~~~ f:_f[Jt-r:9Joo f:_f~, 
mbJ< Lft.iO~GO)b()!~,~ 72 ~r~=~,1T0t~1~, 71<~~JJD11: f~,;:mvJ<~li:.~ot:Jt-r:t MAG 0)-~'i 
DAG ~=~~~nt~ ~O)~-c:iflt:_,;:1:JJX:~nf:_71<7J't'J:ti&it-r:9J ~, OO;t*'tp0)7J<?J't''i 
0.2% -r:~oo 1112-19 B 0)~*7J~ G, ::. O)f~ OC0)7J<?J't-c:'i MAG n~ G DAG ~O)~~,i~i C: !v 
C:''Y-r:~ Q''J:f-r:lbQo ';: tn~n~bG-9\ MAG 0) DAG ~0)~~73~~::. 0f:_O),i, &J~t,r~rpF: 
1ft±To § a:t71<J: 'J t !J /-\--ft)J'-1-';:~-EJ L -cv \o71<7J) MAG 0) DAG · ~0)~~'~*~ L -cv \o 
0)-c',J:ftv \n~~~;t GtLQo ~ G'=~''i, 'i-f'/Bt!$11L-r:~1::-9o:.. C: ~~LI-to~, fl!ltlBl3 
{lL~ov \'j:~O)J.IT1f,;:1~~tt.71<0'-1-7J~1ft£TQ ~, MAG n~G DAG ~0)~~7J~t$.l~noO)tJ~t 












































































































a FF1\:CLAI~- !J --e !J /~~ (1:2, mol/mol), 200 U/g (}) P. camembertii!) /{-it (M~S:J*(J)*~ 
1%) f.p~ttobV~~,i~~ 4 0J:J 77 .A::1~::N'L, 30°C, 5mmHg (J)Wr, 250rpm ~MLt~:O~GM 
Lt::.o w~~,fm~~, 24 a~r~,:-Jo.J:V 72lF.fr~,(J)biJ~,r~ (50 g) ~~~~:O~ o, o.s, 1.0, 2.o% ~::tto J: 5 '~* 





3.1 ft5!1!.Cl):f!J.Jll ::fiJ4 T ~~~7.1< 
~O)m 2 , 3 :to J: v~ 41Ji c~A0)7J< ~tf!XJ;t* -c: P. camembertii {/) !J -' "-~ ~~!IW.t t L-t:. 
~JXJ;t~1t0-c~t~ FFA-CLA t !!'~!) t !J / t(J)::r.:A7;v{l::,~rM1To~*~~ ~ ~o c, '/j((J) 
J:? '~ftoo 
(1) ~~~fflv \o ~, ~'i[[i:J,~x:A7 ;v{l::~~!IW.lit f', ~iJ~{~tJ~-r~ii¥1-T L--ex :A 7 Jv 
1t:~tJ~*{] 1o% '~i¥L-t:.tJi WJ 24 ~rr:~,f&> n~GJXJ;ti*ffiJ'i1Jo3m~nt:. <~ 2-12)0 ::.O)JXJ;t*-c: 
:r::A7;vft~iJ~lO% '~i¥Lt~t~, ~'~lil*To~*9=J0)7J<71't'i0.24% -c:(b'?, JXJ;t 
*Ji:l0)7J<?J'ii''i 0.35% C'dJ0 t~ 
(2) 1JJWt7J<?J'iit~ o.5, 1, 2% '~~JE L- -cMbJ< LtttJ~ G.:r..:A7 ;vfl::~1T0 f:_ ~ ~, 7 a~rr:~,f&O)JXJ;t* 
J:f:l0)7J<7J'iit''i~tL-tn 0.3, o.5, 1.5% c *~ < ~ft Lt~(J),::x:Ar ;vft~~~ft':.*~ t~~'i 
~~Gntti0~0t~(IIJ 2-15,2-18, 2-19)0 
(3) ~*Ji:lO)Jl<?J'iiiJ~ 0.2% fWlC'(b0 -c t, Mbk LftiJ\ G (iJ9XJ±rc) JXJ;t L--c~ \o c MAG tJ~ 
G DAG ~(J)~~'ita:.Gftv\iJ~,JBbl<-tt f',~!XJ;t!r1i5 c MAG tJ~G DAG ~0)~~7J~-~ 
nt~ <~SJ 2-15, 2-1a, a 2-7)0 
' 
£AJ:O)~*~~t~o ~, JXJ,~~*~f*O)JJ<?J'ii-cfi*O)fBt~!fl,iiifpU-c:~ ftlt \ c ~*-Gnoo 
*ft~tjffl Lt~JXJ;t'i FFA ~ ~i' !J t !J /O):r..:Ar Jv{l::C'~ '?, ~0)~1T,;:J: 0 -c7J<iJ~1:.}JX: L 
-c<oo -t:-::.-r:, ::(J)~cJBbl<O)mff,~~ IS) 2-20 ';:JtJM!Lf:_o 1:JJX:Lt:.71<0'-f-'i, ~-r~• 
$f1LdJo v \'i-t:-O)Jli1~';:1ff.ffL, ~k ';:&J,~,?~r:f:l':.~o c~;to(J)tJ~ §~-c:9Joo Lt~iJ~0 -c 
JBbJ<i! f',~!XJ;t~1T 5 c, 71<5J'-=t-,if4!1Wm1L9Jo ~ \'i -t"O)i!i1~cMo L -cl.t \Oo i!'t~9=J1L')!iff';: + 
5J'it0)7J<)J'-f-7J~ffi£T o c, !J ,J{-~'i MAG ~£it c L -c~a L, MAG 0) DAG ~0)~~ 
(MAG c FFA O):r.:A7Jv{l::c MAG rr:t,-c!O):r:.:A7;v~~ ~!IW~To (IS] 2-20 AJo -jj, Mbk 
L-fttJ~ GJXJ;t~1t? ~, ~*tJ~GlkiJ~Jlftffi~n -c&J,~'*9=JO)Jk5J~.itJ~ifC< ftoo &J,~,*0)*5J 
MiJ~~< fto~, ~~;:*~frL--cv\671<7:7'-f-'i, g)J'-f-tJ~G~i~'fl,;:ibi~ 6o gM ~ 
~-ft~t:.'i~O)ili1f, (bov \'±0?:7'-f-J:J;:dJ ~, ~~li:O)~?Xm~~;:~~~_g.;to$1tD ';: 
*~frL:··cv\~7J<0)~71iiJ~:PT~~, ft~f~~ftiJ~~:.-0-cMAG ~He L--c~~ 
-e~tt< ftoo --t:-(7)~*' M*''J: MAG tJ~G DAG ~OY~~~!IW.lLft< fto (fBI 2-20 B)o 
::_O)J: ?t~~~li-c~ ~, MbJ<LiJ,~~~ffv\, lX),~~~jtJH~JBbJ<~WJl:To c MAG tJ~G DAG ~(J) 
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~~7J~~fT Lt~ ~ v"? ~* t~~J~~~ o o -9ftbi?, Jm7J<rotfil,:t, M*n'--1-'~~~ L -cv "Q 
ll<n"--1-~,i~ll L -cv "ftv "(/)~MAG (J) DAG ~(J)~~,:t~::. Gftv \ ::. (J) ~ ~ '~Jm71<~f$ 
JJ:-9 o ~, tif®6~~'i&J Q tJt:c:A 7 ;v{~7J~~1Tt oo ::. (J)::r.:A 7 ;vf~'~ J: 0 -c 1:JOC L t::.7J<*':t~ 
ilW*n"--1-,~M~n, MAG 7J~£it~ L -c~~~no (IS] 2-20C)o 
FFA ~ ?~!Jt !J /~::r.:A7;vf~-9orot*'i, tmli~71<~7J~Gfto=ll*-r&Joo Lt::.iJ~0-c, 
rot*9J(J)7J<,iMII ~71<J~~H~7Jij2~n, ~n--t'n(J)¥JlfiJ:t~ftQ (Ill 2-15)0 c. rugosa !J /"-~ 
~~!IW.l~ Lt~ FFA-CLA ~ ?'' !J t !J /(J).:r.:A7 ;v{~'i 30°C -r'i~ lv~'~1f Lft7J~0 t~ (IS) 2-3)o 
::.n,:trot*9J(J)7J<tJ~7', !J --e !J /JI,~J: ~ ~< n'fi2~n67J~G -r&J6 ~~tml L -cv "6 <Iii 2-4)0 ~ 
G'~' !J /"---f!oo;t(J)~'iJJ< ~nE(J)WiiJ~itJ6::. ~ 63· 64) ~~li,~1JO;t6 ~, P._camembertii !J /" 
--e~mv "t~JUbl<~ttr-r(J)rot-r~~ Lt~rot*9=l(J)7J<~~t,:tnsJir:Jl(J)7J<?J~,~~~~;t6::. ~ 
tJ~-c-~ otJ~t LtLf~v \ 
• • ••• ••• ftt:p,c,,·· ······ 
••• •• 
•• •• 


























3.2 P. camembertii 1) '~--tt~mL '"t" MAG ~~P.tt ~ 2 -:>(1)~~ 
m 3 !Jl-c:-1L~}mt:r:..A7 ;l/f~7J~ MAG O)~pt~::~~-c:-~~::. t: ~~ ~, m 4rJlC'JBbJ< ~f~7J~ GO)& 
~7J~~}J~-c:-~~::.~~~~t~ :.nG0)200)~'J:, ~'tGtMAG n~GDAG ~0)~~~1P 
;t -c MAG :a:I&~J:: < ~~~t~7J\, ntJ~O)w,t~'J::k~ < 14f~0o ~O)w,t~~ Ill 2-21 ':: 
fl~~0~To ~~~-c:-,J:, £We-~~ MAG O)~t~~i~f*n~G~f*'::~ft~ii-0:-_ ~~::J::0-c, 
M$7J~ MAG ~£itt: ~--c~~C'~f~< f~'J MAG n~G DAG ~0)~~111J;t{):-_ c7J~C'~t~ 
~ t~JBbl<~C','i, M$0)~~71< ~51~ W: < :. t: ~~ J:: lJ , M$0)~1Bt~mi~f(:7J)~::. 0 -c MAG 
~£itt:~ -c~~C'~f~< f~0t~ Tftb't,M$§~0)£W!f.¥~~ti~~f~~-lt-cMAG n~G DAG 
~O)rot~111J;t~::. t: 7J~C'~ t~ 
M$bih~"''i, m1lffi. • ~J±O)~Ji!fQt~~ttT-c:~:JJ~J:: < ~~M~.lT ~ ~ v \5 -~, ~:zEO)~ ~ 
n~~~.t~tt~ \t~~~~J~~111J;t -c ~fi"J~t~~t~~JJ~J:: < ~1t~-tt{) :-_ t: 7J)c-~ {) ~~ \ 5•~¥¥ 
't, ~ffl~W0)1:.£~=~ffl ~n -cv \oo ~~=M$~~-~~O)M~.t~ ~ -cfflv \0 ~ ~, §f¥~H=k 
0 t~M$~~11~-9 ~ t: ~ \5 -=F~7J) t: Gn -cv \oo :. :. --c,J:, M$0)£j(~~~ti~fUffl ~t~~*~ 
n-t~ e: ~, £WO)~t~fte:~~=M$§~0)£1f~~~t1~~ft~-tto = e: ~=J:: 0-c~O)~:Jr$ 
''i~~=J::~-to cv\5~tl~~~t~ :.O)~tl,:t, ~ffl1t1r~:zE~t=~-'<t~M$~*1rm~-rQ 











•J ~~--tt~t?r=•~ L.t=:7.k~sl~~ < CftO)~il::) 
FFA 





~Mt=fJL'I)J~--t!l~, MAG '/J'i; DAG ~(J) 
~~lt~H Lf;i.L' 
3.3 &ltil~tJ' i; MAG-CLA 0)-~~ 
I~Y~tL -clJ \Q MAG ~J:?J~~~~~J: 0 -cU~tL -clJ \Qo *Wc~~t~ FFA-CLA C: ~, 
!J t !J './O"Jx:A 7 ;v{~~flj}t) Lt~ C: ~, ~~i~~~~J:?~!) t !J /', FFA, MAG, DAG iO~~*tL 
-cv \Qo ~:: c'"Wmt¥H= 95% O"Jx:A 7 ;vf~$f<~itJJX Lt:.~i~ (iUJ)I; FFA ~- 3%, MAG ~-
81%, DAG -at 17%) ~n~~~~=~L-cMAG O)~~~Wf.t~ ~0)~*' MAG O"Jif)(~44% 
'1: FFA ~:a 4%, MAG ~it 94%, DAG -aa 2% O"Jt~.Pil~W-T Q:. C: iO~-c:'~ t:.o :. ~~'J: 
MAG O"Jnlm.~=.A0-cv\{>:_ ~n~G, ~~O"J~~~;:7J~~ii¥£~MT:O:. C:~=J: '?-k£~ C -c 
fljfflRJ'Jruft MAG-CIA ~~pt-e:~{> C:~PtiB Lt:.o 
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M 211i P. camembertii 1)1~ -t!~U~ L,t=~&Jtr=~~~?·•J-tz •J J CLA ~/I 
ATJ~O)y 
MAG ~'it:~, ~~ 7''~t~ /ij~JVJ~:r..x7;v, !J /'"v~7/, .Y3-~JV5rut:r..x7;vft~''i 
~L1t:~J ~ ~ -c~k tdJflp~~um ~n -cv \~ 65>0 ~n~ L, :.nG $Jt&<7)~L1t:~J'=':t-u · *H~?r 
~0t(J),iftv\ 1m· *H~~~-t~H~HJJM,i-ik~,=~1l:,=ML -c~~AE-c'lb~t~~, 
tlffi.fOft~l:J:T-c'~j]$J:: < &J;t7J~i1!11T ~~&f;t?J) :.n GO)~JmJt1~~-t oR~JI1JMiJt:r..x7 ;v~il 
~t~~L1l:*'J<7)~,=~ L -cv \~o 
m 11tn-c~~t~11Jf~-c', it~~ L -cfrJJtfJ:iJ~ft*fi Lv *rlli'ti~L{~~J t: L "l(J) MAG-CLA 0)1::im 
1J¥t~iiv ~t~ -15, ~ffffiJt&~n -cv \oft£ffl~Lf~~J0)9J-c', ~ !J ~l' ~ -e ~ /H~JI1J~; x.x 
7 ;t.-fi MAG J:: ~ ~v \~L{~~~L -cv \o oo> :. t:n~G, *lm-c',iM*it'=J:6 CIA ~tf~ !J 
7" ~ t ~ /=E- J x.x:r;vO)M$J%-JJX:'=lf~ Lf4 
:..n'*-c''=' Candida lA, Alcahgenes~, Rhizopusfi[40)!)/-\-it~!!$.lt: Lt~'M!J 7"!Jt!J / 
t:H~Jijj~O):r..A 7 Jv{l: 67) ~, R. miehei ~ /-\-it~!IWJ+tt: Lt~*' !J 7''!) t!) / t: ij~,ijjj~} 7-;vx..x 
7 Jv(J):r..A 7 Jv~~ ss> ~fljffl ~ -c~ !J 7'' !J t !J /ij~Jj/j~x..x 7 Jv~~PX: L t~ ~ v \ 5 ~~''idJ Qo L 
n~ ~:.nGO)&f;tO)£~,J:~ !J 7'' !J -e !J /O)ij~Jljj~; x.x7Jvc -Yx.x:r'v(J)i~~-c'lb ~, .:c 
J .:r:..A7Jv~-G!¥~H=1::£ ~ Qh'lt':t~~n -cv \ftv \ 0 .:c; .:r:..x=r ;vO)~L1~'i:/:c.x7 ;v J:: ~ 
~mv \::. e: ~~JAITo e:, .:f-; x.x:r;v~Bfl"~H=~PX:-c'~ oW-t*~~To::. e: ':t~~w.,=e: 0 
-c~ft0C:~;tGtLQo ~ lftn m4IJi-c' P. camembertii !J /-\-it~fWJ+tc L -rJBbJ< LftiJ)G FFA 
C: ~, ~ t ~ /~:r:..:A7 ;v{(::-9 o ~, M;«'J: MAG ~£Jf ~ L -c~a Lft < ft '?, MAG ~tjj$J:: < 
~,F.OC-c'~ o:. t: ~~ Lt~ -t-:. -c':.O)~~Bc ~ -c, *ftnC''J: FFA-CIA C: :/7'' !J t !J /~:c 
.A7;vfr:~ -c.:c J I.A7Jv~8fl"J~~~PX:C'~ Q&f;t*':.0v \-c~~Qo 
1. ~'CJ"jj)! 
~'~~~-cv \fclv \lff.+iOJ::Vh'l~fJ:m 1 W m 1 "-' 4~C: rPJ t: C'dJoo 
1.1 *f*4 
:/ ?~ ~ t 11 / fJJ<?)"@;fit, 0.1 %; K-COL-IT; 11!!~1t(~] ,J:, 7" !J t ~ / 1.2 wt%, :/ -!!' !J t !J / 
9s.swt%, ~ !J ?"!Jt1l ~3.owt% -c:~~JX:~nt~m.P&~rl~~~t~ 
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1.2 
;J~mftO):I:A7Jvf~'j: 50 mL $JiO);f:/t=J/-\~ 7 Jvjffi~fflv v-c1-T0t~ ~ft~f:t, 9.8 g 
0) FFA-CLAI:/~l'!) t!) / (1:2, mol/mol) ~ 0.2 mL 0) P. camemhertii !J /{-~71<~(~ (5,000 
U/mL) ~ 30°C, 500 rpm ~M LftiJ\ G1-T 0 t~ '* t~:kmftO)~f:t, 1 L $AO) 4 "0 ~ 7 7 A 
=z~;: 294 g 0) FFA-CLAI-7'' !) t!) /~~~ (1:2, mol/mol) ~ 6 mL (J) P. camemhertii !J /{-~ 
$<~ (5,000 U/mL) ~An, 30°C, 250 rpm ~MLftiJ\GfJ0t~ ftjO~LftiJ\GO)~f:t, 
77~~~~~~/7~~L,5mmHgO)~r~n0~ 
:r:. ~ 7 ;vf~~'J:&~~~ r:p ~;:#1£-t Q ~~JJJJ~ii ~;:%f-t Q :r:. A 7 ;vf~ ~ tL t~n~Wftt:I:(J)~j~ 
(mol%) -r:~ Lt~ ~jft~O))J\..:f-it,J:, FFA ~ 280, :/7~ !) tV /ij~}jjjrufE-J :r:..A 7 Jv (DGFAME) 
~ 428, :/ 7~ !J t V /ij~JI/jM:/:r.A 7 Jv (DGFADE) ~ 690, :/ ~, !J t ~ /ij~}jjj~ ~ ~ .:LA 7 ;v 
(DGFATE) 1r 952 ~ Lf4 
1.3 1lil5:if::~,QJ.ilt~'i; DGFAME O)MJl 
:k~j~JlO)rot7J~GO) DGFAME O)tl~';:'J:, )J\..:f-~fn~li: [Wiprene 1.YPe 2·03, ttflMY 1v-~ 
3 /(~] 1r~ Lt~ )J'-=f~W/1r1T 5 WJ';:&:J,~'\f~O)ntf,IIO)~~ 80°C/3 mmHg O)~r-c'~*~ 
~~Jl:::::J-;..fttJ\ G 30 5J'F~,1i0t~ :/7~ !J t !J /fi 200°C/0.2 mmHg, 230°C/0.2 mmHg c~i/ L -r 
FFA ~:/~'!Jt!J /~fn?t~ L-r~Lt~f~, -t"O)~~OOi?J'~ 260°C/0.05 mmHg c~iiL-r, 
DGFAME ~i/~9=J~;:@]Jt( Lt~ 
1.4 ~* 
FFA·CI.A ~ :/7~ !J t!) /O).:r:.A7 Jvf(jO)bi),~"i~, ;'fJ 1 g ~~~L~'Jil (6,500Xg, 5 ~r~E]) ~;:J: 'J 
im~~:/~'!Jt!J /jH::?J'MLt~ ifEJIO):/-J~ !Jt!J /, FFA, DGFAME, DGFADE, DGFATE 
fi 2 *0) GPC 1J 7 A [Ultrastyragel 500A (7.8 x 300 mm; J3*7 ;t-?'-.A'(~))~ TSKgel 
G1000lhm(7.8 X 300 mm; ~-/'-(~))] ~-Lt~HPLC ';:J:: ~~.tJTLt~ ~~HJ:, 7 ~7 
"t }to 77 /~~ttli~~ L -rfflv '\ 35°C, 8 1.2 mllmin -r:~l±i Lt~ m~0"~1i (wt%) fi 
:.nGO)l::o-7iiDfl7J~G31<MJt~ 
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2.1 ~-·JJ~--t:!J::~~~?"•Ji! IJ ~IA7-JIA1.>~/iX 
FFA-CIA, fik O)AO):/~t' !J t !J /, 200 U/g O)~fjO) !J /{-it <M*~~E8*0)7J<)J't, 2%) 
tr~Gf~{)fVti~~30oC C'24~r~,, MLf~;O~GMLt:. (f$t2-8)o C. rugosa !]/~-it~~.lc 
L--cfflv \, 1/2 .:c;Vjt0):/7" !J t !J /C':r:.A7 ;v{t Lt:. ~ ~ :r:.A7 1v1~~''i 43%,~l¥Lf~O)';:~ L, 
2 .:c;~0):/7''!) t !J /C':r:.A=t-;v1t Lt-c..~ ~O):r:.A7Jv1t~''i Il%C'~0t~ ~ Cft~Jt.Jlt \-c 
FFA ~ 7'' !J t !J /~.:r..A7 lv{t~itt= ~ ~, 7" !J t !J /1\n~~< f~'Q ~£VtlArp0)7J<ri7'' !J t !J / 
jH;:?J'fic~tL -c, .:r..A7;v1t;O~@:. tJ ';: < < f~'Q ~" \5 ti~~~-cv \0 ((g) 2-3)0 :. :. ~t~~ 
,;:, :/7''!Jt !J /Jl:;O~~< f~'Q ~.:r..A7;v{t;O~~li~~n'6 ~v\5tiiJ~~~n, :.O)tit~ 
';:~1f-toftO)~EJ7J<O)~jr~;:J::0-c~~J~JJ-r~ 0 C:~;t -cv \oo 
Alcahgenes ~!)/~-it, R. ozyzae !J /~-~, JoJ::V P. camembertii !J /{-it~M~.lC: L -em 
v \, FFA -CIA ~ 5 .:c ;VjtO):/ ~ !J t !J /-r.:r..A 7 ;v{cr 0 ~, 24 ~r~,f&O)x.A 7 lv{t$':1: 7 4% ~ 
J:J;:)¥L,t~ ~t-c.., P. camembertii !J /~-~~fflv \0 C:, 2 .:c;Vj[O):/~' !J t !J /C'X.AT!v{l:: L 
-c tx.A 7 Jv1t* 70% h:Jt L, DGFAME ~ DGFADE 'i'i'I~A~~ ~nt-c..iO~ DGFATE 'i~ 
PX~nf~n~0t~ ~=~, ~1'""0)~~''iP.camembertii !)/{-~~M~.l~ L-cULt~ 

































camemhertii 1:5 78.0 17.4 35.1 
s FFA·CLA ~~~'!1--e!J ~0)~~ (lOg) ~~200U/gO)!J ,r~-'1!~1JO;t 
30t-r.+M Ltt.tJ~ &:> 24 mfr~~ Lt~ 
b FFA, DGFAME, DGFADE, DGFATE ~~~ 100%~ Lt~ 
















2.2 FFA-CLA ~ ~'f IJ 1:! 1) ~O)ZA T JVftf::MT ~~T 
ft:I:O)ft FFA-CLAI:/~~ ~ t!) /t~ifi~ (1:2, mol/moD, 50~400 U/g (J) P. camembertii 
!J ,~{-~, :JOJ:LJ 2% O)J1<zr~GttQroti~~ 30°C -c'ML-tt7J~Grot~-ttteo tiJ,~,Jmlt (2 ~r~, 
1&0)x.A 7 ;v{t$-c'{-tffl L-t~) ,i, ~~0)=- c!:: ft7J~ GLXJ~~,i~rf=lO) !J ,1{-~-'~tl:~tl L-tc.o -jj, 100 
U/g 0) !J ,1{-~~fflv \t~rot-c', 24 ~rt=f,f&O).:r..A7 ;vf~~':t 70% '~i¥L-, 400 U/g 0) ~ ,1{---tt~ 
fflv \t~rot-c'O) 24 ~r~,f&O).:r..A 7 ;vf~¥':t 73% -c'lb 'J, .:r..A 7 ;v{~~O)~lffti:\WJOf:t~60 Gntt 
tJ'l0 t~ -tftbi:>, 100 U/g O)M*l\'~~~T Q c!::, biJt,,:t 24 ~r~,-c''i~!~~,JX~~~¥1Jft ;oo 
~M7J<H(1)ft FFA-CLA c!:: -J'' ~ t ~ /O).:r..A 7 ;v{~~~:Jov '-c, 1JJWl71<5J"t,:trotf}WJ)O)M 
*ml'!,~l\:~ft~*M~l};tQ =. c!::iJ~~~tL -clt 'Qo ~:. -c', FFA-CLA ~ :/-J~ ~ t ~ /O).:r...A7Jv 
1~'~jOJ:,I'-91JJWJJJ<?J'itO)~fi~~A:t~ FFA-CLA/:/~ !J t !J /{m~i~ (1:2, mol/moD, 100 U/g 
0) P. camembertii !J ,~{-~, iOJ:LJ0~10% O)lJ<iJ'lGft;orotr~~ 30°C -c'MLft7J~Grot~ 
itt~ ((g) 2-22)o ~,, !J t !J / ~ O)x.A T Jv{~ ~ (P]~, ~!) -J~ ~ t !J / C: O)rot-c't7J<~~JJO Lft7J~ 
0 t~ ~ ~ O)~JJWJ,~, x.A 7 ;vf~'~1t LfttJ'l0 teo rotf}WJ)tJ'lG ~ ,1{-i!mt!~fi*~.&~~~m 
~itQt~~~~'i 2% £AJ:0)7J<7J\~,~-c'li?Q::. ~iJ~f!tJ~0t~ -15, ll<~~JJQ Lft< -ct;x:.A7;v{~ 
&J,~,~~J:0-cu L-taJ<,~J:: 'J !J /{-~,:t~1~~tl,24~r~,f&O)x.A7;vf~~'± 72% ~~l¥Lt~ 
:.n~~:ML -c1JJWJ71<5J"il:~~< T{> ~, rotO)\I'~':t1J071<?J'1mJl1U~f§i~, 1JJWlll<?J"t7J~ 2, 5, 10% ~ 
w,~,~1t0 t~ ~ ~, \I'~~~ (24 ~r~,~ -c'O):r...A-7 ;vf~~':t 7o, 55, 37% ~ ~n~~Y' L-t~ 
~'f 1) i! 1) ~:I:O)ft FFA-CLA ~ fik O):fiO):/ -!/' !J ..-e !J /, 100 U/g 0) P. camembertii !) /{ 
-~, i3J::V 2%0)JktJ~GttQlX),~,i~~ 30°C-c'MLft7J~Grot~itt~ (lil 2-23)0 ;x:..A-T;v{t$ 
':t:/7~!Jt !J /A:'~*~< ~ff:L, 10 .:c;VA:O):/~'' !Jt Y /~fflv'Q c!::, 24 ~rf:t,~O).:r:.A7;vf~ 
¥'i95% '~i¥Lt~ L-tJ~L, :/7~!Jt !J /Il~~L -cb DGFAME O)~~O)i:\WJOf'i~~G 
ntttJ~0t~ 
iMIJfiO):/ -!/' !J t !J /~~ J: Q ~v '.:t:..A 7 ;vft~O)~'i, ~ r 0) J: 5 '~~~T Q ::. c!:: 7J\~~ ;oo 
:.(J)&:J,~,*fJ:nall ~ :?7~ !J -e !J /JIO) 2 MiiO'lGtt 'J" *AO)~-!/, ~ -e y /ff:f:Er~, JJ<~J:~~~ v -e 
!J /MI~< ~c~hoo nb~9J0)7J<~"il:7J\JJ071<7J1WO)'I'~~~~~ L -cv 'o c!::TQ c!::" *it0):/7~ 















0 2.5 10 
IBI 2-22 P. camembertii !J /{-~~!J$.l~ Lt~ FFA-CIA ~ ~!/'' !J t !J /(J):L:A =;-;vfi::,~:JO 
J: ~I'-t1JJW17k)J'i!(J)~fl 
FFA-CLA, 2 .:c JVit(J)-/ ~l V ~ V /', 100 U/g (J) P. camembertii !J / {-i!, .t3 J: tJ 0--10% (J)7j( ""t'fJJIJX ~ n 
QJ)i)~,r~ 10 g ~ 30°C C'M L-fti>~ G1*fq L-t~ 7k1!ltlf:JJOO)~'±, ~r.l~i~'~ !J /{-~l)}*~~k ~~~JJO 






0 2 4 6 8 10 
:}'f•Ji!•J~/FFA-CLA (mol/mol) 
(I] 2-23 P. camemhertii !J /{-~'~J: Q FFA-CIA ~ ~!/'' !) --e!) /(J):L:AT Jv{l::,~toJ:,!--9 
~ ?~ ~ --e !J /Jt(J)~w 
FFA-CLA, ~~V -e !J /', 100 U/g 0) P. mmembertii V /{--fttJ~Gttobi)~,t~ 10 g ~ 30'C -z; 24 ~Jt~#L 
fttJ~GML-t~ FFA, DGFAME, DGFADE ~-~ 1000A> ~ L--c~L-t~ re%0)~~: e, FFA; 0, 
DGFAME; ., DGFADEo 
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2.3 FFA-CLA ~ ~'f·J -t! 1) ~O).J:ATJVfti::13J:f£TMVJ<o:>M 
Iii 2-23 O)*E-*ri, ~~~f8*0)7.f<jOJ::lJ.:r..A 7;vf~J:: 0-c~~t~l.f<~l& 'J ~<::. ~ ~~J: 'J 
~v \:r:.;A7;vft~f<7J~~1:~ o =. ~ ~~P~~ -cv \Oo -t:. -r-, P. camemhertii ~/{-it~~-~~ 
-c, Jm7J< ~f~7J~ G FFA-CIA ~ :/ (/'' ~ t !J '/(J):r...A 7 ;vf~~1t 0 t~ (Iii 2-24)o ftjOBtJ;ti~~~ 
,:t, 2.1 1:~ii~t~~*~}I,::, FFA-CIA ~ :/(/"~ t ~ '/O)ttt@J~ 1:2, mol/mol, 1JJWJ7k?J'A~ 
2%, ~A:1r 100 U/g ~~~~, 00;tf:t300 g (J)00;ti~~40t=l77.A::~,~N'L, 30°C -r-tm 
Lft7J~G1t0t~ MJffi~-tQOO;tf:tJmll<i:t f'~~1t0t~ (fi12-24A)o 
oo;tOOPa~ 7 ~r~,-c.:r..A :r ;vf~*':t 65%'~~ ~, -t(l)~~,:t~k ,~_c~ ~ -c 24 ~rJ:f,~~'~ 71% '~ 
iiLt:.o .:r..A7;vf~~:;!t, ~::~fDGFAME 7J~~IJX:~tL, ~ -c DAFADE 7J~~IJX:~tL, ~ !J :r:. 
:A 7 ;v~JJxJJ:~&) Ghftt.r~0 t~ DGFAME O)~iiJ:t 7 ~rJ:J,-c'Ai~iR,~Ji ~, -t"O)~~,:t~Y' 
L -c DGFADE ~jtO)iWJQ7J~~~tLt:.o 
FFA-CIA ~ :/~i' ~ t ~ '/O):r-.A7;vfl:7J~'i'£'1'1jJtJ\~'~J!Lt~~ (10 a~rr:t,W,Bar~~A~~ 
'//'~~ L, 5 mmHg O)~r-cJmll< LftiO~ GOO;t~-~t~ ((S) 2-24 B)o Jmll<fm~il ~ JRJ~'~ 
.:L.A7 ;vf~~':tJ:~ ~, 20 ~rr:f,~~ <~~t=t,,:t 30 ~rt=t,~~ ~ ~:J:t 95% ~~J¥~t~ ~ G'~Jmll<-to 
~, DGFAME ~-J:t!WJD~t~7J~, DGFADE ~fl:,jJ~~/v~'~f~Lftir~0t~ :_(J)~*''i, rPJ 
t:M*~!I!!l.l~ Lt~ FFA-CIA ~ (/'' !] t !J /(J):r:..A7Jv{~'~:J3v y·c~~Gnt~~*~-~~t~:. ~ 
iO~G, Jmll<~f'F'~J:0-cM*0)~~71<~~To ~, ft':t.:c / x.A7Jv~~-~'~< < fto ~-T 
m~nt~ 
-t:. -r-, OO;tOO~-n~G~r (5 mmHg) -r-Jmll< LftiO~ G FFA-CIA ~ :/!/' !J t !J '/O)x.A7 
;vf~~1t0t~ (lil2-24 C)o BUt1JJWJ (4~rJ:f,~-c') ~~~f~''i, Jmlk~-ct ~tt< -ct,if~Wt: 
1:dJ0 t:.o Ln~ ~Jm71<~1'F,:t, 7 n&J:J,£Af&O)oo;t1t5CJJ$J: < ~1t~1t, 24 ~rJ:f,~O)x.A 7 ;vf~~':t 
94% '~JiLt~ *f~Jmll<f'i, DGFAME n~G DGFADE ""'oY~~~1J1];t, :/x.A7;v~.:c / .:t:.A 
7 Jv J: '? t ~1&~-r-ii-JJX: ~t~ &J~~, 24 ~rr:t,~~(J) DGFMv.IE ~-~'i 61 wt% -r-, DGFADE ~-~J: 
35 wt% 1:dJ0 t~ 
FFA-CIA ~ (/~' !J t !J /(J)x.A 7 ;vft:1rJm71< ~t~iO~ ~1t 5 ~, MAG iJ~lfR*-J: < ~JJJZ~n, '1'-ii 
~~~~iO~t ~ MAG/DAG O)t-ft@J':t 28:1 (mol/mol) 1:''&:>0t~ 00 41Ji, 2.4)o -1-J, FFA·CIA ~ :/ 
~ !J t !J '/(J)x.A 7 ;vf~~Jmll< LftiO~ G1-T 5 ~, DGFAME ~J: DGFADE J:: ~ t~?¥J: < ~JJX:~tt 
t~iJ~, 'V~~~~~:Jo~t o DGFAME/DGFADE O)t-ft@J'± 3:1 (mol/mol) -r-tb-0 t~ ptij&J,~,~~tov Y"(, 
lm71<-to ~, -tttb'f?ft(J)~~*~~-r-o~'F~1t? ~, g,J:.:e-/ x.A7Jv~~-~~;:< < 
tt o ~" \? A[~~ttfiJ{rPJf'irPJ c 1:dJ0 t~ ~n~ ~, -t-O)~aO)JEiti¥Jt~ftw~~''1*~ t~~tJ~~~ ~ 
nt~ ~0)~'~..-:>v\-c,±, ft§Jt'~~~TQRJM~, H (~!Jt!J /~:/~!Jt!J /) (J)jtr 
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v\~~~(lg-9{) ~tru~t~7J)~;tGtL{)o WJ*O)M*~~~(Zg--9{) C:1&/ELt~:Wf1\ ~il7l<~~*~nt~M 
~'J:MAG ~~~~~~-L~~< < ft{)7J),DGFAME 'icbQf.!fU!~-TQ ~~;tQ::. ~~=J:0-c~ 
w,tO)~fiiD~J~-c'~ {)0 ~tcf~*O)£Jt~=~~TQ ~1&:Q:-t{)ttG,i, ~l'~ t ~ / ~ :/!!' ~ t ~ / 
~7J<~t~O):ffi~~J: 0 -c~f!Jj~~ g?J)t Lnttv \0 -tttbi:>, 7'' !J t !J / ~ O).:r:Ar ;v{r&J;t-c,i, 
~~M:O)Jli1~,~~i7'' !J t !J /7J~ff:(£ L, :/7'' !J t !J / C: O)::r.AT ;vf~':.10v \-c'J:~!l$}nf)f}[O) 
iiT1f'=~7'' !J t !J /7J)ff:t£Tgo ~T~O)Jm71<~1~~1T0f~~ ~, f*7J<~t10)5~v \:/-7'' !J t !J /~ 
7J~GO)Jm7l<~jy~'i7'' !J t !J /~7J)GO)Jm71<9JJ~J: '? ~v \~-rm~tt{)o Lt:.7J~0 -c, :/7'' ~ t ~ / 
~D~ Ltz:oo;t~'~O)~~lk~~±L,:.< < fttJ, DGFAME ~~{)f'fOC~~Lf~0)7J~t L 
nttv\0 








0 5 10 15 20 25 0 5 10 15 20 25 30 0 5 10 15 20 25 
Ji It Wi M (h) & It- rL, (h) &It ~ra~ (h) 
FFA-CLAI:/~l9 -e 9 ~ (294 g; 1:2, mo1/mo1), 6 mL 0) P. camembertii 9 /{-'"ftlJ<~~ (5,000 U/mL) tJ~ 
'?fct~&J~~'71l~4~J:J77.A:J~~,A.h, 30t, 250rpm -c+ML-fct7JtG~~-ltt~ (A) tiL-fctv"~o 
(B)lo~rt:t,~ ~FP-c:ffiL-tc) ~~, rot~~-~~/7~UL-, 5mmHgO)~r'"t:tiL-fct7JtG~~ 
ML,f:.o (C) ~OO~~iPGrot~~~~~~7~HL-, 5mmHg'"t:Jm?kL-fct7J\GM~-ltt:.o &J~~,j~ 
tp(J)/5X~~'i, FFA, DGFAME, DGFADE 00~1 ail:~ 100%C: L -r11: L-t~ re%0)~J~ : e, FFA; 0, 
DGFAME; ., DGFADEo 
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2.4 ~}71iill::~~~~'.; DGFAME CI)Mit 
&$i~ (ir!lJi) (l)~PXJJX:0-':t~ :/~l' !J t !J /~ FFA~ DGFAME~ jOJ::lJ DGFADE -c-lb ~ ~ ~ 
;(L-t';(L(l))"J'q-:I:'J: 166,280,428,690 ""('~Qo ~;(LG~0"(l)?J'q-i{O)~fj:7J~ft ~ ::k~v \0)-r:~ *lJX: 
0-0)?J'q-~{j~~J::~ DGFAME (!)~~~~~1Lt~ (fi 2-9)o 
FFA-CLA/:/~7'' !) t!) /~?~ (1:2, mol/moO~ 2% O)lJ<~ 100 U/g 0) P. camembertii !J /{--f! 
n~Gtt6&$i~ 600 g ~ 5 mmHg (l)~r-c'Mbl< Lft7J~ G~ 30°C -c- 24 ~r~,&$~--ltt~ X.AT 
;vf~$,:t93% ~:.llL~ DGFAME ~ DGFADE O)~tJ~':t2:1 (mJltt) ~ft0t~ JXJJ~,~71~~ IX 
~iW.~ 60°C ""(' 15 51r~~orlffi. L -cnnJI ~ :/7~ !} t!) /jH~?J'filLt~ @]J&. Lt~MJ~H:t 80°C, 5 mmHg 
~ 30 ?trJ:t,Mbl< Lt~ 01<~-, 93 ppm)o mb1< Lt~MJI~7J'q-~-i'~~~~~ L, :/7'' !J t !J / ~ FFA 
~~:ft-96f~&')~~ 200°C/0.2 mmHg ~ 230°C/0.2 mmHg (!) 2 ~w;(l)~i/~1T0f~ ~0)~-\i~-ft 
~:.J: ~ -c-:/7~ !J t !J / ~ FFA ':t'i'!7'L:S<E:'~~~nt~7J~~ *114% (J) DGFAME t~if~nt~ 
~v \-c'DGFAME ~@]lf)(-9ot~&0,~, ~fn~i:~ 260°C/0.05 mmHg -c~fn L~ 164g (J)fli7J 3 ~ 
127 g O)M 3 ~1~t~ fii51 3 (J) DGFAME (J)~':t 97% (!&.$ 69%) -c-~0 t~ ~-Jf~Jl (iW 
0- 3) (J)ij~J)jj~JlJJxJ:t FFA-CLA O)*ll5X:l:: 'i'~,-~ Lt~ 
~nJ:: '? ~ P. camembertii !) /{--f!~!IW.t~ L -c ~ FFA-CLA ~ :/!/!) t!) /~JUM< Lft7J~ G:r: 
.ATJv{cr~&J~,~ :jOJ:Vm-i'¥~~~J:ob(h~,~1J~G §13"]~~0)~~7J~Gtto/ot.A,:t, CLA ~ 
lvt~DGFAME ~~ffl1~nl~-c-1:.£-96h'l~~ L -c~j}~-c'dJo ~~;t -cv \6o t ~0/v, ::.0)1:. 
;m/o t .A ':t~-c itJf'Jl(£~1:'~&0 Gh -c:jO '? ~ ~Jl''iit~ ~ L -cliJffl-9 o ~ l:: iJ~-c'~ Oo 
fi0 1 b 


























s FFA-CLAI~~ !J ~ !J / (1:2, mol/mot 588 g), 12 mL (J) P. camemhertii !J /{-~(5,000 U/m.L) lJ'l. 
Gf~Q&J~,7~~ 5 mmHg O)Wr-c:Jmlk Lf~;O~ C:, 30°C -c: 24 P#rd'Jrot~-ltt::a bi)~,~, bi)~,~ (564.4 g) 
~tltllti <!:: ~ ~ !J -e Y /~ ~7tM L, italfH'i sot, 5 mmHg -e 3o 7trd.Jti L-t::a 
b ~i¥i'~tf: 200'C, 0.2 ~ 
C ~lf1-c:~-r (< 0.5 wtO/o)o 
d ~ii~tf: 230t, 0.2 ~ 
e ~if'*ftf: 260'C, 0.05 ~ 
65 
Jl~~ J-;~ (CLA) ~~,'i~ 1 J¥ ~ 11lnc~A:t~J:: -J '~~-'"< tt-D·*Mflli~~L-cv' 
Qo *HDMt:JlJl ~ ~ -cfiJffl ~h -cv 'Q CIA ri, ~ / -;~1ftm~7 1v1J ~ Jl=~f~ ~ -c~~ 
n -cjO~, ~0)-?kiUJb,iiMliJ~J]Jj~ (FFA) C'~Qo ffiJJ& CIA 'i=I':.-a-'inQ±ft~t11*'i 
9-c.zS,ll-tmns (9c,llt)-CIA c!:: 10~12~CIA C'~ 'J, -th.:Ct17J\'l'I~ 0-a-'in -cv 'Q0 L7J) 
~)l[if., 2 00)~f11*7J~~0(i!!J~o:>fa · *M~7J\ff:§ ~tl00~Q0 t~C:. ;{Ji, 9t;lltCIA 'J: 
fJC7J~Jvmt!~f¥-t:> 00\ 10t;12~CIA 'if$:ij~JI1J~1'fffl19, 29, ao>~:r:;f;v:¥-H~Jt~~&')Qf'pffl7o> ~ 
~-to ~" '5 wer;a\tt ~ nt~ =.n t:> O)m;a\~ c!:: tt ~ , 2 "'JO)~~ttf*~~:JJ$J:: < 71-I®-t Q JJrt 
0)1J(rv7J\~'ino J: 5 '=tt~ -c ~ t~ 
CIA ~~t!f*0)7t00H:. ~ /~-i~'lvt~fljffl Lt~JJ¥tiJ\~)J~C'~Q c!:: O)W&?J\~Qo Haas G 7u 
,i, Geotrichum candidum !J /~-~?)~ 10t;12c-CIA J: 'J t 9c,lltCIA ~ J: < ~~T Q:. C.~~ 
fhtc.o ~:. C', =.O)~~fflv 'o C., n -~=\=-~/1#£r0)~1JJWH:.jav '-c, 2 00)~t11*~±.JJX 
0-C:.-to FFA i'm~i.J)G~)tl¥)~:. 9c,lltCIA 0)~ 7;v:r:.A7;v~~/JX:C'~ Q:. c!:: ~~ lt::o *t~ 
2 0(/) CIA ~~t!f*O) :J. 7-;v.:r...A-T Jv~ G. candidum !J /{-~c1J071<7J'M-t Q c!::, ~1JWJH;:1::JJX: 
To FFA (J)±.fiX/~7J~ 9t;lltCIA C'~o =. ~ twer lt::o ::_O)JJr:t~f*fflTQ C., J&¥f1#~':. 
~v'7J\ 9c,lltCIA ~~~J.l';:~~T Q =.C. iJ\C'~ Qo ltJ) l, t 5 -00)J\ttf*~lb o 
10t;12c-CIA ~~~TQ:. C. ':1:~~ ftv \ -JJ, McNeill G 12> ,i, ~JB G 1a> 7J\fm~ Lt~ 7? ~ ;v 
7 Jv~-;v (LauOH) ~£it C. lf~:r:.A7;v1~~fljffl L-c9c,lltCIA C. 10t;12c-CIA(J)?:)-@ 
ta::~t::o -tttb't:> G.ca.ndidum !)/{-~~!IWJkC:.L-cfflv', CIA~~ti~~~LauOH c~ 
fRJJ"]:r..A7 ;vft l, 10t;12c-CIA ~ FFA ®71-,;:, 9c,lltCIA ~ij~JJ/j~7? !J ;v:r:.A7 Jv (FATE) 
0017)-,:.U'at Q::. C. ';:~}J l -cv 'oo ~ G '~~~~~7J-q.~{j';:~-t o C., FFA I0071- C. FAIJE iiiD 
~';:~um-e~ o =. ~ t~'i!i ~ -cv 'oo ltJ) l::. O)JJ'l:t-c-,:t, *~tif*O)Mfi 80--85% C. ~tlAl 
~'~v 'bO)~l:tftir~~t~ 1JO;t -c, a candldum !J /{-~,i~~C:. L -cm.n&~.tL -c':tv 'oil~ 
Jtmt!7J~~< ni:JH~1JOI(J)~~_l~ L-c~~~~v \ -t =. -c', *~-c',:t, iltJHWJOI,~J.t < fljffl ~n -cv' 
oM*~~*~' -~tM~J: a candlaum ~/~-~C:.f§fPJJ¥Jft Candida rugosa !]/{-~t 
10t;12c-CIA J: ~ 'b 9~lltCIA ~ J: < ~~TQ::. C:.iJ\bi.J)~tc(J)~, ::.n~fflv '-c CIA O)_±t~ 2 
00)-~f*(J)~~~t~ 
*- ~ 1 Mi~'J:, C. rugosa !J /'\-~~~ Ltc 9~11tCIA C. LauOH rJ:I,~rot~flj 
Jl]t., -c, 9£;11tCIA C. 10t;12c-CIA ~~M'~~~ToJJ'l~~~"'Jv '-c~A:oo ~tc, ~ltcpti] 
A~1*~~*ft ~ c -cfiJffl-t o::. C. ]j~~~~1Ai, ~ ~ ff"J'~~~ t~HWlk£~~~-9 o ~C. 
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CLA ~t11* (9c,lltCLA, 10~12c-CLA) ~)j-@-j-Q~[Vt(J)~!l$_lc!:: L "t" C. rugosa !J /{-
-e~~ Lt~ ~t~, CLA O)~~lll)~ FFA O)~~-c'~6 =. c!::, C. rugosa !J /"-it'i1JOJ1<?J'M 
~J: ~ tx.Ar;v{~~~:Jov "-c J: ~ 5mv "ij~}Jjj~~~t1:~J8iiltt6 =. ~ 74\ :JoJ:V C. rugosa !J 
/"-~':;tij~Jj/j~O)Jm,R~:r:..A 7" ;v{l::-c' LauOH ~tl'lt l:: Lt~ l:: ~ ~~5~v "ij~Jm~t1~J841J-9 6 =. 
~ 74) ~~LI L, ~ l:: L -c C. rugosa !J /"-~~!l$Jkl:: Lt~ FFA l:: LauOH O)_:t:.A7 ;v{l::~~ 
ffl Lt~ f~:j0=-0)~~~1T':>t~1&0)~j~~;:JJ:~~lVJQ CLA (7) FAIAE l::' *LXJJ~'\Dr~~ 
-c'9JQ LauOH, FFA l)~~~n -cv "6o -t-n~'t10)5J'TJl:'J: 184, 280, 446 -c'lb ~ , -t"(J))j-OOH~M 
~Wfit~f*ffl-c:~ Q ~ WJ1~-c'~ Qo ~ t~, )J'T~t¥{1&0) FFA ~~ FAT ~E 73~/G~~ l:: L -cr~ L -c t, 
~ G~~PJ<*ft1JOi~75) ~~ATQ =. ~~~J:':>l FAJAE ~~ft~~ Q ~WJ1~-c'~ Q0 
fAJ::O)M-~~}10~, ~ 1 ~-c',J:ffl~(J) CLA A~tif*~~tr~ G 2 ~O)J4~t~f*~)j-00f Lr, ~ 2 IJ{ 
-c''i~~ !J /-;~tr~Gwm~ Lt~ CLA ~11~~/J~G, 2 ~O)Afif*(J))j-OOf~AA.t~ 
1.1 -13~~ 
CLA~tt~ (iMlJJ~JVJDt FFA-CLA) ,J:, mlt&Jb-c'~Q CIA-80 [!J /-;viJaH~ (l*); !!, 
J:3 11f~,{ !J ~1/'';v-7°(~) ~ ~M!ffl L, FFA (J).:C;v-,'J:~O)~{dfiJ:: '? lJl±i Lt~o ~ffl Lt~ 
FFA-CLA (J)ij\jj}jjj~*llP.X:,i, Cl6:o, 6.7%; C18:o, 2.7%; C18:1, 17.0%; 9t;lltCLA, 33.1%; 
10~12c-CLA, 33.9%; 9c,11c-CLA, 0.9%; 10c,12c-CLA, 1.4%; -t-O>fm CIA A't~f*, 1.8%; -t(!)flf! 
FFA, 2.5% -r:~':>tc.o 7 7 !J ;v7 ;v::z-;v':Ull~I~ (f*> ~~fflv ", ~{!)flf!O)~,:t~-c~ 
*&~fflv 'fc.o 
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C. rugosa !J /-\-~ ( !J /-\-~OF) '~-;m~ (~) ~0) t 0)~ 160,000 ::1-:::. '/ ~ (U) /mL '~ 
ftQ J: 5 ~~Jm-1 ;t-/7]<-c-~iJ:\ L -c~~~ C: Lt~ biJ~,~~O)ijffll~'~dJt:. 0 -c,:t, ~~~~~&>6 v \''i1ff 
lR~~~m~O)M,~ttQ J:: 5 '~~JJO Lt~ 
!J /"-~mti'm* 59) '~ Lt::i0)" \, ;t !J -:t'tm [fo~I~ <~)l ~JJo71<57'M Lt:: ~ ~ ,~• 
L -c < oH~JVj~iJ:\G31<~t~ 1J071<5J'M,i, 50 mM ~MT ~ !J ? A*~ilri~ (pH 5.6) ~ 100 mM 0) 
tl1f::n;v~7AtJ:\Gtt~fm~5.o mL '~ 1 mL O)/t!J-7M~ o.t~o.5 mL O)~~a~JJo;t, 
30°C-c' 30 :51rf;f,, 500 rpm -e-M Lfti0~ G~t0 t~ !3Jt1&, 20 mL O)x~ / -;v~JJD;t -cJYJt~ 
WJJ: ~it, MLt:.ff~JJJJH~ 50 mM 0) KOH ~Jflv \f;:_9Jfoi~~'~J: '? 31<6bt~ ft:Jo !J /~-~ 1 U 
':t 1 ~re:~,,~ 1 J.UD.ol O)ij~JW~~Jrt.-~ ~ !J /"-~:ae:~~ Lt~ 
1.2 &It 
'J"mJtO):r:~7;vf~'i 50 mL ~:f!O)-*:/f=l/-\-17Jv1tl[c:f:J, ~~-7--c'ti¥FLfti0)G~T0t~ 
~I¥Jft&J~~,r~'±, 4.0 g 0) FFA-CLA/LauOH O)m'fr?~ (1:1, mol/moD, 1 mL 0)7]<, mAEflO) 
C. rugosa !J /-\-1?-c:tAPX:~h -c:Jo 'J, !YJt'J: 30°C -r: 16 ~rt:t,, 500 rpm -rtDF LftiJ~ G1t0 t~ 
::km~'J:, 2 L ~I{O)oo;t~ llVJDS-U; jL~/ "-1 :;t.:r:/:/.:=.7(t*)] ,~, FFA-CIA, LauOH, 
C. rugosa !J / -\-~, :toJ:V71<-r:tf4PX:~tL~!YJti~~An, 30°C-r: 16 ~rf;f,, 350 rpm -c'M Ltt 
i0~G1T0t~ 
~~}Jjj~'~)<,J ~ Q.:r:~ 7 Jv{~~ (~1&, :i:.:r:~ 7 Jvfl::~) ,J:, rot*i:f:JO)~~JI/j~'~)<,J 9 QX~ 
7 Jv{~ ~ tl f;:_ij~JI/j~O)trJ~ (mol%) -r:~ L t~ ::. 0) C: ~ , FF A, FAT JE O))J'q-Jl'J: -ttL-t'tL 280, 446 
C: L t~ CIA At!f*<J).:r:~ 7 ;v{~$,'i, !3JtOO~mO)~t1f$:0)fi' ~)<,j ~ o .:r:~ 7 ;vf ~ ~ tLt;:~'tif$ 
0):1;0)~~ (mol%) -c:~ L t~ 
1.3 &JtjicpO) FALE ~ FFA CT)~lij 
l~GtLt~LiJ~~,r~iJ)jr:I:O)~':t, FATE C: FFA O))j-JmH~'J:, g!t¥f! 76> '~ Lt::iJ)0 t:: n -~::t-~/iffi 
te~~ Lt~ fillli,::im~Q ~, 5--10 g O)biJJ~~i~'~ 70mL 0) 0.5 NKOH (20% ::r..~ /-;vf~ 
~1JO;t" LauOH ~ FAIJE ~ 150 mL 0) n -~::t-~/-c' 3 @ltmte LtCo @]Jtr( Lt:. 3 §1~0)~~~/ 
Jl~~b-lt, :r/"~v-~--c:~~~~ L ~FATE 100~~ Lt~ 71<~'~1¥1£T~H~J1/5~0) K 
ii]J:, 7J<Jjj';: 4NHCl ~/Jo;t ~At~,;:~~ ~pH 2), FFA '~ L ~ir~G 100,70, :f3J:V70 mL 0) 
n ·~~~/-c: 3 @]jffilfj Lt~ ::.::. -c'@ll[R Lt~ 3 @l~~::t-~/imttl~~~b-lt, :r:./-\~v-~--c' 
u~~~~~~~~~FFAOO~~L~ 
~-0) LauOH,FFA, iOJ:VFAIE ,:tg~~il~~ [W~prene'JYpe2-03, dY1~~ 
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3 /(~1 ~~ Lt~~wr~~~J:0-c0-001Ltz:o ~-t\ roti~~~t~L -cnali~*J~H~n~~it-cna 
~~~§11& Lt~ ~if~~T 5l~iH::, nell~ 3 mmHg O)~?;~!Jt ~B~~~i6~fct7J) G 80°C ~ 60 7t 
r~,M L, 71<7J~- 100 ppm ~ T~ -c'JBbJ< L t~ ~tifi, 120°C, 0.2 mrnHg O)~fiJ-c' LauOH ~ 
ijt:fj ~it, tXv \-c:~t~ 190°C, 0.2 mmHg 0)?/i.fi L -c FFA 1000- (if)j-) ~ FAIJE ~iif~f) ~~0-
®Lt~ 
1.4 FALE fl' t:, FFA (7)[§]JUl 
n -~~~/Mite~~ J: 0 -c{~ t:Jnt~ LauOH/FAIJE O)~i~~, 'i-91JJ~'~ NaOH/.:r:?T / -;v~ 
i~9='c1JD71<7J'-M (7/{tn'-M) Ltz:o rot~lf,J:tXO) ~ l3 '? C'(boo FAIJE 15 g, NaOH 4.5 g" 71< 
6mL, .:r:,;J J-;v 114mL ~~ilL, ~~~~~i6~fct7J)G 50°C 1:300-r~=~~~Lt~ 1JD71<7J'-M 
f&, r~ilirt'~ 480 mL O)J.k~JJD;t, LauOH ~ 200 mL 0) n -~q:.~/c1ffite L -c~~ Lt~ 71<11 
O)ij~Jjj]M Na fi]J: 4 N HCl ~1JD;t -c~ pH 2 ~~~~ L -c FFA ~~~~ L, 200, 150, l3J: V 100 
mL 0) n -~~~/1: 3 @ltmili Lt~ 
~il~~J: 0 -c§J!{)(~nt~ FATE 'J: 3{ffO)mm-c1JD71<7J'-M Lt~JJD71<5J'-Mf~,roti~~:: 350 m.L 0) 
1NHC1 ~JJD;t, ~G,~4NHC1 1:*~pH2 ~~W&~Lt~f~" FFA ~ LauOH ~350,200, l3J:V 
150 mL 0) n -~q:.~/1: 3 @Jtml±\ Lt~ 
1.5 Jii(-i'i"1JDI:: ~ .Q FALE O)IJ*%i: 
.PR*#1JD~~J:o7tOOHm~ 75> O)jjt~~~ Lt~i0)0-ctT0t~ -9fctb't?, FATE 0)~1£LtcFFA(50 
g) ~~250 mL 0)} ,;J ;-;v, 6.8 mL O)J.k, jOJ::LJ50 g 0)*~~1Jo;t" 50°C -c:t~WLtct7J)Gie 
~'~~~itt~f&, iffllli~~k'~ 5°C ~-c:-r~fteo ttMLt~ FATE ~0imH;:J:: '?~~Ltc~, J: 
r~';: 250 mL 0) 0.2 N U~1JO;t, FFA ~ 250, 150, l3J::V 100 m.L 0) n -~q=.~/~ 3 @l11bttl 
Lt~ 
1.6 ~* 
H':t 0.5,.._1.0 N 0) KOH ~Jtlv \t~9=tmt~~~;:J: '? 31<~" iMlJJ~JJJj~O))J~Itf:iHib~GJJtl:\ 
Lt~ 
H~JW~JiJJxJ:t, n~JV5~~}7-;v:r..A7Jv~;:~f!h:Lff.A7 o-y ~7"77 ~--c'7tfRLt~o FFA 'J: 
5% O)U~} ,;J J -;v~~ 3 m.L ~)JQ;t, 70°C ~ 15 ?jft:tVJ~ ~ -c;). 7-;v:r..A 7 Jv~~~-L, 
FAI~E f'i 1% O)j- ~ !J r)A}7-7- ~~1f} ~ /-!~~3 mL ~JJO;t, 70°C -c' 15~rt:tVl~L 
-c} 7-;v:r..A 7 /v~;:~~ L t~o biJJ~"i~ib:-. 6 n -~~-!t /~HBt±i ~ nt~H~JVjftt:J. 7-;v:r..A 7-Jv,:t, 
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DB-23 q:..y t:o7 !J -j] 7 A (0.25 rom X 30 m; J&W Scientific tB ~~liLt:. Hewlett-Packard 
5890 7J:A7 O'? ~7''77~fflv\~ ~rO)J: 5ft~tfr~JEALt~ 1J7Aililllt: I60~230°C ~~ 
2oC/)t-c'~-tffit Lt~ t£A~ilffil!!]J: 245°C,. ~~JfiU~]J: 250°C '::~~)EL, **~~ ;t~~ (FID) 
-c'~te Lt~ 
LauOH, FFA, FAI~E O))Ejl,J:._ DB-5 :t-~ t:o7 1) -'JJ 7 A (0.25 rom x 10 m; J&W Scientific 
tH ~~liLtcHewlett-Packard5890 ff:A7o.?~~'77~fflt;\~ ~rO)J:5ft~tfr-c'AE~L 
teo n 7 AtlffiJ;t: 150°C-c' 2 0-rt:t,~ Lt::f&, 3oooc~-r Io°CI5J'~m_g L .. 300°CC' 3 0-rt:t,~ Lt~ 
¥£A t=1 tliiUiJJ: 245°C, ~llimffiHMJJ: 320°C '~~~ L, **~ ~ ;t ~~ (FID) C'~te L teo .:. 
O))ttJTJJ'l!~ LauOH:FFA:FAIE (1:1:1, miitt) ~)tfff Lt~ ~.:. ~, t:o-7 oofltJ:~i'f~ L < ft'? 
tc 0)-r:!, t:o-700fJ~t1'~~PX:5J'~;E:Dt L t~ fct~, GC ~tlfO)~tfj~NW.':t 0.15% '~~~ L t~ 
2.1 Uc!::t~.g~~Q)~ 
lif33G74-77) ,J:, ~lt/F~H~Jl15~1r~~L,~<v\!)/{-~, tc~;ZJiC.rogosa !]/~--e-, ~ffl 
v \-c, FFA ~~i~~ LauOH C'.:r.:A 7 Jv{IT 6 ~, ~lt~Moff~Jljj~~*rot FFA ~ L -c~~C' 
~ o ~m L -cv\6o 'it= C. rugosa !J /{-~~fflt; \-c, FFA:It,~ML ""C~.:C;v~J:O) LauOH -r 
x:Ar Jvf~-96 ~tij]0 -crottJ)j!JJ;t Gn:o.:. ~ tffii!f~n -cv \:o 74)0 .:_0)~*~£,~, .:. .:. -c-':t 
FFA C: LauOH O)Wfj~~ 1:1 (mol/mol) ':.~)ELf~ 
FFA·CLA/LauOH (I:I, mol/mol) ':.20 U/gO) C. rugosa 1) /"-~~1JDit,5~70% 0)7J<1#£r, 
30°C C' 16 ~~,.:r.:A7 Jv{~ Lt~ C: ~, 20~30% 0)7]<~1JQ;tt~ C: ~ '~.:c.:A7 ;v{~':t:i&t~:1J~J:: < ~ 
1T Lt~ ~.:. -r-*f\ 7J<)J'il:~ 20% r~rfe~t~ t1zt; \-c-, 9t;lltCIA ~ 10~12~CIA 0) 2 ~O)­
~t~f*0)~00Jm$'J:~.:r..A :r ;vff::$0)~':. ftxff:-t o =- ~ t ~~ t~ -t.:. -c:rotrM ~ rot~rJ:t,,:t -tn 
-t'naooc e: I6~rp,,:.~JtL .. M*:li~~ito*'=J::0-c~.:r..:A7;vf~$~J~o::.~'=Lteo 
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2.2 lltR~.r.A 7-J~t.l ::~ ~ CLA l'~f*O)*!~iEMO)~ 
FFA-CLA ~:.~.=c;vO) LauOH ~fik O)JtO) C. rugosa !J /{-~~7&JJO L-, 20% 0)7.k0)1R'£T, 
30°C -c: 16 ~rt=t,.:r:.A7 Jv{~ Lt:.o IS] 3-1 A ~=~.:r:.A7 ;v{~$~=M Q 9c,lltCLA ~ 10~12c-CLA 
O).:r:.A7 ;v{~~~~To C. rugosa !J /"-~'J: 10~12c-CLA J: '? 9c,lltCLA ~ J: < .:c.A 7 Jv{t L 
t~ 9c,lltCLA O)x:A7Jv{~~,J:~.:r:..A7Jv{~~~~'=l:~ L, ~.:r:.A7-Jv{l::$i6~7(0 50% '=i¥L 
t-::_~~'= 9c,lltCLA O)x.A7Jv{~~,J:-JE11R (87%) ~=ilLt:.o -if, 10~12c-CLA O).:r:.A7Jv 
{l::,i, ~.:r..A 7 ;vf~~7J~~~ 50% '::M Q * -c'''i~k '=~1t L, -t0)1~,'i~3~J=~ff L t:.o 
C. rugosa!) /{-~?J~J: <~~To 9c,11tCLA ':t{EfcS"Jh::r..A7Jv{l::~tLQo Ill 3-1 D 'J:~x 
.A7Jv{~~O)OO{,*~~Lf-::_t0)-c:~oo FAI~E ~=~~(LQ 9c,lltCIA O)~r{fr~, FAI~E f§O)~ 
il'i~.:r..A7Jv{~~7J~ittv \~ ~ '=~<, ~x.A7Jv{~$-O)l:~~~~=~k '=1~< ft.0t:.o ~.:r:.A7 
Jv{~$7J~ 50% 0) ~ ~, FAI~E f§O) 9c,lltCLA ~ 10~12c-CLA O)~~ta-A~;:)<~ 9 Q 9c,lltCLA 
'2;:1IO)tt (~f&, 9c,1ltCLA O)M~To) ,i, 80% -c''&J0t~ ~f-::_, 9c,lltCLA 0) FATE f§ 
~O)@J~$'J:~x.A 7 ;v{~¥0)Jflj( ~ ~ t ';:Ji]( L, ~.:r..A 7 ;v{~~iJ~ 50% -c:'i~I'-AEfit (87%) 
~=liLt~ (IS) 3-1 B)o - 15, C. rugosa ~/'\-~i;~~-L~=< v\ 10~12c-CLA 'J:*rotO)FFAtlJ 
'::?l*t~~t'too 10~12c-CLA 0) FFA ~O)~AJJ:, ~x.A7Jv{~~~~=l:~t.,, 50~60% -c~ 
~rnJ=llL -c7~r~G~& Lt~ ~.:r:.A7Jv{~~¥<7J~ 50%0) ~ ~, FFAfflO) 10~12c-CLA O)~j]:t 85% 
-c''&J-0t~ (~ 3-1 C)o ~t~, 10~12c-CLA 0) FFA ~~O)@JJ&~,i~:t:.A7;v{tl¥<7J~ 60% '=M 
o *-c:'':t'~k ~=~& L-, ~~1w31tH=~& Lt~ (lSI 3-1 B)o 
~J:O)~*J: '?, ~x.A7Jv{~~7J~ 50% ~=i¥Lt:.~ ~'=00J~,~~ll:~1to ~, 2 00) CLAAtt 
1*~5C:1J$-J: < ?tiOO-c:'~ o:. ~ 7J~~~nt~ :.n~£~;: 9c,lltCLA ~ 10~12c-CIA ~ffl!JtiOOTo~ 
fRJ3"J.:c.A7 Jv{I::O)BUt~tf:~ FFA/LauOH, 1:1 (mol/mol); 71<, 20%; C. rugosa !) /{-~:1:, 20 U/g; 
rotr.e&, 3ooc; rot~rt=t,, 16 ~rt=t, ~~~Lt:.o 
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2.3 FFA i!j;tf::;lfl~*tt:: 10t,12c-CLA 0).11 
FFA-CLA ~ 2.2 O)w,t~tf:~.x..A 7 ;vf~ ~ (~.:r..A 7 ;vf~~' 50%), rotr~rflO)*bi)~" FFA ~ 
FATE ~.:tn~n n -~~-ij-/~@]1& ~t~ 
FFA @7}0) 9~11tCLA 0)-2;5:'-J: 9 wt%, 10~12~CLA 0)-2;~fJ: 53 wt% (10~12~CLA O)M, 
85%) ~&J0 t~ @Jl& ~.nt~ FFA ':.~.:c ;~0) LauOH, 20%0)71<, fik O)ji(J) C. rugosa !J /{-
1t~~JJO ~, 30°C~ 16 ~r~,.x..A7 ;vfl:: ~t~ FFA @7}0) 10~12~CLA 0)-2;A:f:t, ~:c.A7 ;v{~ 
$;6~ 43% (})?::. ~ ':.Jil~ll!?::. ft0 t~tJ~, 10~12~CLA (J) FFA 0017t"'(J)@J~~f:t:r..A 7 ;vf~~(J)J: 
¥I-?::. ?::. b ':.~~" ~t~ (IS) 3-2}o :c.A7 ;vf~~tJ~ 27%0)?::. ~, FFA @)tt:p(J) 10~12~CLA (J)-2;jtfi 
65wt%, 10~12~CLAO)FFAOOJ)t"'(J)@JJ&$,i89% C:ft~, 10~12~CLA(J)K~~JJ!]J:96% ~~ 
.l::~~t4, ::..hGO)~*zr~G, FFA®)t'tJO) 10~12c-CLA ~~~TQt~&;~:., ~t~~.:c..A7Jv{~ 
$~ 25% C: }E&;, -t"O)w,t~Lt:~ FFA!LauOH, 1:1 (mol/moD; 71<, 20%; C. rugosa !J /{-~-, 40 
u;g; rotr.mut, 3o0c; rot~r~,, 16 ~r~, t~)E~t~ 
80 100 
. -. 
• ........... • 
';#! ........... ........... 
~ "-"" f!l! 
~ ........... "-"" ~-"-"" 60 
ml- ~&< 
~ro 80 ~(gl 
5 ts 
(..) 40 ~:3 s oo 
~ e, "-0 Iii ON 60 N~ ~ .. ~ +' 20 +i'O LL o~ ,... 
40 
0 20 40 60 
FFA-CLA ~ LauOH O)~.:r..A 7 ;v{~~~J: -0 -r~t>ttt~rot'~iO~t>, -*&JJ~,O) FFA ~ n -.A...~~~-r 
lilll& L t~ FFA (2.4 g) ~~ 1.6 g (J) LauOH ~ 1.0 mL O)Jk, :Jo J:: rJ. 4, 8, 20, 40, 80, 120, 250 U/g 0) C. 
rugvsa !J /-\--lt~/JD;t 30oC -r 16 ~r~,rot~itt~ ~c%0)~,1~: 0, FFA fiiD?j-tpO) 9t:;lltCLA.; e, FFA 
OOiJt9=JO) 10~12~CLA; .A., 10~12~CLA O)@JJ&$; ., 10~12~CLA 0)~ 
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2.4 FALE lii~l=:l-~tLt:: 9c,11t-CLA (f).Jl 
FFA-CLA ~ LauOH 0) 1 @J§~f¥J:c.A7;vfl:: (2.3 '=.~~ ~11"0t::~&, n-~~-lj-/fmtij 
~~J: ~ @]~~nt:: FAT~E ~)Jj{~-tt: L -c~ Lt::o '1-fFAI~E ~ NaOH/.:r.7' /-Jv$1~9=Jc1J071< 
~L (?-/fl::7J'$), 1~~nt~~i~~U~~t1~=-~~, FFA ~ n-~~-if/MitrH=.J:: t?@Jl&L 
t~ @]!~){ Ltz: FFA ®:5tJ:f:JO) 9c,lltCLA 0)-a-!IJ± 58.4 wt%, 10~12~CLA 0)-a-:SJ± 15.1 wt%~ 
9J0tc (9c,lltCLA O)M''i 80%)0 :.0) FFA ~~~.;c;Vfi:O) LauOH, 20% O)Jl<, fik O)j!O) C. 
rugosa !) /'\-i!{r1JO;t, 30°C ~ 16 ~rJ:t,.:r..A7 ;vfl:: ~t::o FAI~E ®7J''fl0) 9c,lltCLA 0)-a-AJi, 
~.:r..A 7 Jv{~~O) J:~ t: #'=.t:rftr~-90~:}' L, ~.:r:.A 7 ;vf~$7J) 60% ~M1;t ~ t: m~,~~P L 
tz: (IS] 3-3)o 9c,lltCLA 0) FATE i007J'"'-O)@J!l;{$,'i, ~I .AT ;vfl'i¥7J) 62% 0) ~ ~ '~lli~fW!~ 
~ L, =. 0) ~ ~ 0) FATE @)10) 9c,lltCLA -a-:SJi 73 wt% (9c,lltCLA 0)~, 96%), 9c,lltCLA 
O)@J~¥'J: 79% ~~0t~ =.n GO)~-*iJ)G, FFA 0017J''fl0) 9c,lltCLA ~*R~-9~tz:60,~, § 
~~.:r..A T Jv{t/$~~ 60% t: ~~, --t:"O)BtJ;t~tt~ FFA/LauOH, 1:1 (mol/moD; 71<, 20%; 20 U/g C. 
rugosa ~ /'\-~; BUtilffiJ.t, 30°C; ~~r~,, 16 ~r~, t:~;E lt~ 




'i#!. 80 '-"--~ 410 u'-" 
:5 Nift-60 ~~ (.) 
Q 60 ~[§I ~ ts 
Iii ;::~ ~ 40 U(.) ~ 
0')1 
'" 
40 '-" ...., '~ r< ...,~
H ~ • ~ (,) 
~ .0') (,) ~ 20 0') _, 20 {' 
II'' 
0 0 
0 20 40 60 
~:I:A7"J~il:$ (%) 
FFA-CLA c LauOH ~.:c..A7;vft,~J:-0-c~Gnt~&:J~~,~~\G, FAT$ ~ n -~~~~l:i:H~J: 
"J@J~L/;v7J!J~lfr-e1Jo7J<~Lt~ 1JOlk~~~J:0-c~GtLt~ FFA(2.4g) '~1.6g O)LauOH ~ 
1.0 mL C7)7}<, :13J:V 4, 8, 20, 40, 80, 120, 250 U/g C7) C. rugosa !J /~-it'~1Jo;t 30'C -e 16 ~r.,,oo;t~ 
-ttt~ ~i}(J)~gij: 0, FAI,E f@7}lfl0) 9t;lltCLA; e, FAI.E I@)j-q:rO) 10t;12cCLA; 6, 9t;lltCLA 0) 
lEll&*; 0, 9t;lltCLA ~ 
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2.5 B~!c!::l.iil'!~M~~~itt:: CLA ft'fti*O)$A. 
~Rff"J.:r:.A7 Jv{l::~~{¥1it~*ll~E!bit" FFA·CLAiJ~G 9c,lltCLA ~ 10t,l2c-CLA 0)~~~~ 
7-rt~ ~~0)-=f.JI~~ lSI 3-4 '~~ ~, ~*~ ft 3-1 '~ '* ~ &)t~ *-9\ FFA-CLA (600 g) ~~~.::c­
JvO) LauOH t 20 U/g 0) C rugosa !J /-\-~~j]Q;t -c.:r:..A 7 Jv1t ~t~ ~.::c. .A 7 ;v11::¥''i 16 ~ 
rt=t,~49% ~=li~t~ 7JEJI'J: 120°C, 0.2 mmHg -c~ii~, LauOH ~W/5t 1·1 ~~@]Jt)l ~t~ {X~~~ 
rf~ 190°C, 0.2 mmHg -c~ii ~" FFA 100)1 (ii5t 1·2) t FAIAE 00)1 ~~ 1·2),~)1100 ~ t:.o FFA 
OOJ)jcpO) 10~12c-CLA ~11Ji 56 wt% ~' 86%), ~~ 1·2 0) FAI,E @7)-cpO) 9c,lltCLA ~­
'i57wt%(~,82%) C:d:>0t~ (fi 3-2)o ~l00Lt~FFA 007fl3J::LJFAIAE iJ~G 10t,12c-CLA ~ 
9c,lltCLA O)~~~?X'~~A-oo 
FFA 001)1 (i¥f5t 1-2) '~'i 15 wt% 0) FAIAE iJ~~*tL-cv \t~tJ~" =.O)itft±'i 10t,12c-CLA 0)~ 
lt~~~ot~&)O)~RJ¥].:r:.A7Jv{l::'~'i~lv~nLt~iJ~0t~ ~=- -c!" {i~ 1-2 ~= FFA '~~~ 
-c~=E-JViiO) LauOH ~ 40 U/g 0) C rugosa !J /"-~~j]Q;t, 30°C C: 16 a~rt=t,w,t~itt~ .:r:..A 
7Jvfl::~'i23% ~~~~,FFAOOJ~O) 10~12c-CLA t 9c,lltCLA O)~:fiti-th-t'tt 67wt% ~ 2 
wt% C:d:>0 t~ JxoJt,i~cpO) LauOH 'J:~fi,~J: ~ Wi?t 2-1 ~ ~ -c~~ ~" FFA 'J:fR~ 2-2 '~@] 
!& ~t~ ~~&,~, **ft1JO¥t,=J: 'J {i)12-2 ~~ilf{t: L -"Cv \t~ FAI~E ~goij~JVJ~:a:-iG~~~" j:_f~ 
;tv-1 /l§tO)-$~~ ~t~ -J!!O)tykf'f,~J: 'J 10t,12c-CLA ~!lJi 34wt% n~G 79wt% ~~1:: 
~L,1~A~~Mo§Jl&$,i52% ~d:>0t-::.o ~t~,itit£-96 CLAAttf*-r::d:>o 9c,lltCLA 0) 
~:li,i33wt% n~G4wt% '~~o/Lt~t~&), 10~12c-CLA O)~'i95%~f~0t~ (ft 3-2)o 
~,~,~it 1-2 0) FAI,E @10-,~il~~~nt~ 9c,lltCLA O)~Jl~1T0t~ ((g) 3-4, ti 3-1)o '*-9\ 
FAI,E ~f I-2) ~7 Jv7J !J ~!fr-c1Jo7J<?:r"fW (7/fl::?J"fW) ~t-::.o JXJ,~,~" biJ,~,i~~~~JtO)Jl<~JJo 
;t, ~ G~~ U-r:: pH 2 '~-~, FFA ~ LauOH :a:- n -~~-Jt/11Bt:B,~J:: 'J @]l{)l ~t-::.o @Jl& ~ 
t~n-~q:.~/Hbtt\~'~'J:'l'~~.::c-;VIIO)FFA C: FAI,E U!v-r::v\t~t~&)" =.O)~tfj~'=20% 0) 
JJ<C: 20 U/g 0) C rugosa !J /"-~~1Jo;t -"C30°C -r: 16~rt=t,w,t~itt~ ~.:c.A7Jv1~~'J:61% '~ 
itL,FAI~EI@)J'Jt:IO) 9c,lltCLA C: 10~12c-CLA O)~JlJJ:~tL~'tt75wt%,3wt% -r::'&J0t~ 
*-\jrth:J: ~ FATE ~@J!Bl-9~ t~&)~~, ~TlX:.h~,raJt:IO) LauOH ~ii5t 3-1 ~~~ L-t~~, M 
~{j?j- 3-2 <FFA UID7f) ~ M 3·2 (FAI~E UID7f) ~~5J'OOi ~t~ 9c,11tCLA ;O~M~n -cv 'oM 3·2 
~ NaOHJ:r:?t ;-;v~~9=t-c1Jo7J<?J"fW (?-/1t~) ~, biJ~~,i~~~ ~~ <*JpH 2) ~~~~ 
t~~&, ~~Gnt~ FFA ~ LauOH :a:- n -~~~/-c:@JJ& ~t~ {J(v '-c: n -~=\=--ft/11B~~~ii¥~'~ 
J:: '? LauOH 001~ (ij~ 4-1) t FFA iOO~ ~ 4-1) '~~IOO L-t~ M 4-1 ~~'J: FAI~E ~-ij~ 
}j/j~ (~~I .SA:, 4wt%) ;O~~~n -cv\t~t~&),~~'~:.nbO)M~~pj<-#1JO¥~~~J: 'J ~ ~t:a 
-J!!O)ti{lp~~J:o 9c,lltCLA O)@J~~':tFFA-CLA t:pO)~fi,~%tL-c35% -c:d:>'?, 9t;lltCLA 
75 
-2;A'J: 33 wt% n~G 84 wt% ~~J::n L, 10~12c-CLA -2;-Ji 34 wt% 7J~G 4 wt% ~~~jl' Lt:. 
(9~11tCLA O)~i:, 95%) (ft 3-2)o 
fAJ:(l)~*J: 'J, C. rugosa !J /~-~~~~.lc Lt:.~.:r...A7;vftc~fli¥t~*llJr.-€rbit~:. 
C:~~J: 'J, FFA·CLA n~G 9~11tCLA C: 10~12c-CLA ~~~ (95%) ~=-~~-to::. c7J~-c'~t::o 
~iirt,J:, ~~tl-c't kg mm0)~~7J~~tre-c'})o e: v, 5 fiL~ ;fr1f L -c:to 'J , nrot1&'=~ 
M¥t C: n -~q:.-tJ-/Mlte¥t~*llJr.l%-bit o::. C: ~=J: 'J, :kJ IJftmm-c'O)~~ t ~flli-c'&>o C: ~;t -cv' 
FFA-CLA 
9~11tCLA 33.1 ~/o 
10~ 12cCLA 33.9 ~lo 
,....-------+-7!_-1-_!4_. J_¥i __ ___, 1Jolkn~ 











ft 3-1 ft?~C:~ii?E~*llJ7.~b-ttt~ FFA-CLA tr~G 9c;11tCLA t 10~12cCLA 0)~~ 










(g) (mg KOH/g) (g) 
1000 129.1 399 
946 62.7 220 
215 3.7 211 
327 167.2 4 
371 10.2 NDc 
539 100.7 216 
511 77.6 127 
128 4.9 125 
193 169.2 2 
180 24.7 NDc 
136 198.2 1 
340 124.9 126 
328 48.7 29 
27 8.9 26 
98 133.3 2 
189 10.7 NDc 
170 115.3 66 
63 3.2 62 
102 182.2 3 




































a FFA-CLA/LauOH (1:1, mol/mot 1.0 kg), 250 mL c7)7J<, .tdJ:V 20 U/g (J) C. rogvsa 9 /{-~~ 2 L $-Jic7)}j()~, 
~'~.A.h, 30°CC' 1s~rJ:t,, 300rpm C'MLtt;O~i?lxJ~,~itt~ 
h ~fi*flf:: 120°C, 0.2 ~ 
c ~ttle'~~ (< 0.15 wt%)0 
d mm~tt:= 19o0c, o.2 mmHg 
e FFA(i'f~ 1·2)/LauOH (1:1, mol/mot 539 g), 135 mL c7)Jk, .toJ:V 40 U/g c7) C. rugosa 9 /{-~~ 1 L$:fic7)ff 
~ (J)bi}~~'~.A.h, 30°CC' 16 ~rJ:t,, 400 rpm C'~ Ltt;O~ i?~ ~itt~o 
1 M 1-2 ~1JD7J<~,~Gnt~ FFA/Lau0Hti~(1:1, mol/mot 340g},85mL(J)7J<,l3J:V20U/g c7) C. rogosa 
9 /{-it~ 1 L$:ac7) 4 "':>Q 77 .A :J~~.A.h, 30te' 16 ~t=t,, 250rpm -c+MLfct;O~G&J;t~-ttt~ 



















9t:;llt 10412c 9c,11c 10t:;12c .:t:"O)ftt! 
33.10 33.88 0.94 
8.78 55.61 1.64 
57.28 12.68 0.34 
4.19 78.78 2.27 











a 5tlmilf~~o':t (g) 3-4 ~~~ L-t~fll?t 1-2 C:¥~ 1-2 ·-rib~, m~+~~o':tjtljM 9£;11tCLA C: jtljM 10~12cCLA ~ 
dJ~o 
b ~tfl~~f (< 0.15 ~/o)o 
' 
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M2ll C. rugosa I)J~--t!'I=~QCLA ~i*jl~~~ LauOH CT.>IA-7-JVft~"Jif.IL,t= 
CLA Jl~i*a.>iliUMI¥ 
*ltnm llJi-c'fJ:, rtlJl&J~Q-c'ibo cLA ~~tif~~~~~f.f~ ~ -cmv"t~ =-O)~~~~,J:~l¥1 
~ ~ -cv \o 9£;11tCLA ~ 10~12c-CLA £A~~~;tv-1 /~l3J:lJI§Il¥JcTQ 2 00) CLA~ttf*~ 
~0) CLA t-2;'in -cv \t~t~fh, 9c,lltCLA jOJ:lJ 10~12c-CLA ~1if*O)~Mft-9o:. ~fJ:-r­
t!f~tJ'~0t~ -tttb~, 10~12c-CLA ~-J!Qr:p~~'J:*{]lOwt% O)f1tiJ~'tif*~~O)CLA ~~tif*tJ~ 
'2;*t1 -cv "f~t~60, 10~12c-CLA '2;IifJ: 79 wt% -r!~0t~ *f~, 9c,11tCLA *ff:mMttfhPQ~~~':WJ 
10 wt% 0):-:d-v-1 /~tJ~-a-*n -cv \t=t=6b 9c,11tCLA 0)'2;fi'J: 83 wt% -r:'&:>0 t= <a 3-2)0 :..n 
G O)~j{O)imt£,J:, ~~~tif$:0)~~1t~ ~,~~:# o ~~fJ: ~ G ~~M~ J:Jf Q =. ~ tJ~~'i ~ 
v \ --t:. l!,2fii{O) ~f¥JA't1f$:£Afi..O) CLA ~;:d-v-1 /~tJ~m1£ ~ltv \9c,11tCLA ~ 10~12c-CLA 
O)~~.t~tfQO)~Dlt~~M~t~ *rfi-r:fJ:, ;tv-1 /M~*t~v\~M!J J-;11Mt~7;v7J 
!J Jl~f~~, 9c,lltCLA ~ 10~12c-CLA ~~?tc-t0 CLA A'tif*l~~~~~, =.n~te 
~}Jj\f.f~ ~t~ 2 00) CLA ~~tif$:0)~~.l.t~~'~0v \-c~~oo 
1 ~~-13~ 'CJ./Jj! 
CLA ~~tiW~~fA~O)~ttf.f ~ JJrt,J:, m 1 rfi'~~~ ~ t= ~ jO 'J -r-~ 0o 
1.1 CLA ~i*jl~~a.>iJillt 
~'~M Lt~ CLAA'ti~~'J:, 7;v7J !J Jl~f~~t~~M!J J-;11Mt [M, 97.1%, JR 
~11::5X:I~(~] ~M Lt~ !J J-;~O)/;v1J !J Jl~f~fjj:JrO)~I~~~ Lt=iJ~0-c1t0t~ *-f\ 
7o l::ov/~"!J ::z-;v 1.8 kg ~~KOH 0.6 kg ~An, 170°C,~JJ~~Lt:.o --t:-:.~~!J J-;v 
~1.2 kg ~JJo;t, ~*~~t!i67f.fttJ~G 170°C -r-t~rr=t,MLt~ lVtr~~90°C ~r,~tto~ 
-r-l~ L, ?IU-r-pH 1 ~~PJ&fflte ~, 1. 7 L 0)7J< ~1Jo;tt~ FFA fJ: 1.2 L 0) n -""q=.~ /-r- 3 lillHB 
teL, m~J~:c.~~~v-?'--r-@Jl()l Lt~ (l()lA:, 1.15 kg)o i~Mtl Lt~~- CLA ~fiW/m~ 
(FFA-H-CLA) ,i, 45.1 wt% (J) 9£;11tCLA, 46.8 wt% 0) 10~12C"CLA, 5.3 wt%0)jiiijAtif*M 
0) CLA, jOJ:V2.0wt% O);d-v~ /~~ O.Bwt% 0) !J J-;11Mt~lv~v\t~ 
~~~'~ 1 l:JJ~~A:t= !J .~"-it:JoJ: v~~fflv "t~ 
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1.2 DX.i\f1.JDJ::~.Q 9c,11t-CLA t; 10t,12c-CLA l;l~(}) CLA Jl'f!i*(J)~~ 
**1i1JO~~J:: Q~~'J:m 1 I1i~~~~tz:JJ¥t~~=fO)~&~JJO:Z.t:.o -9ftb'l?, FAIJE 7)~~ L 
t~FFA-H-CLA 5g ~~, lOg O)bJ<*, 50mL O)::r..~ J-;v, 4mL O)J]<~~JJDL, 65°C 0)~-ft 
t:ft-c:~-c0)/JX~7J~~~~~~TQ ~-c:tJtt#Lt:.o :.O)im~i~~*~ 10 aeyr~,t.r~~t-c 5°C ~c~k '~<{1-
!PL, 1~Gnt~~;{r0i&J~~J:0-c~:tLt~ 0?~':.50mL 0)0.1N U~JJD;t, ilE?t~50mL 
0) n -~~-if/-c: 2 @lilBte L-, n -~~-if/~WTC'-\¥f~ Lt~ 
2.1 •• 9c,11t-CLA as~tJ 10t,12c-CLA al~J.O)f=~O)Jj*'~IJIJ-
m 1 r.w:ciitv Lt::1fl~~£,~, lSI 3-5 'i FFA·H-CLA 7J~G 9c,lltCLA ~ 10t;12~CLA ~~~ 
TQ~~O)/PtA~*~~kbO)C'~Q0 ~:1PtA0)~*~-3~,~~L~ 
~f\ ~~1l:::1otAO)l*f-t~ftQ 9c,lltCLA ~it 1-2) jOJ:{}~, 10t;12~CLA (~)tl-2)~ 
WM~ Lt~ -ttttf~,FFA-H-CLA(1000 g) '~ 664 g (J) LauOH (FFA-H-CLA '~Xft_, -c~-t;Vli), 
416 mL O)lJ<, jOJ:lJ 20 U/g (J) C rugosa !J / -\-~~JJD;t, 30°C -r: 16 *r~,tm L,ftiJ~ G~ t_, 
tc (~:t:ATJv1~, 47.1%)o bVJ~,i~~~tiL -c@J!UZ Lt~tlB~ (1587 g) ~)J~~W~~,~~L, * 
T 120°C, 0.2 mmHg c~i?~1tv\,99wt% (J) LauOH ~tJ{D)t 1·1 (297 g) ~ ,FFA ~FATE 
~~~c!::TQ~it 1-1 (1276 g) '~?t®Lt:.o ~v \-r:~~ 1-1 ~ 190°C, 0.2 mmHg c~ii L, 10 
wt% 0) LauOH,84wt% 0) FFA,6wt% 0) FATE iJ~Gftoi/7-J 1-2 (516 g) ~, 10 wt% 0) FFA, 
90wt% 0) FATE 7J~GttQM 1-2 (751 g) '~?t®Lt~ W?tl-2 0) FFA g:t(J) 10t;12~CLA ~­
''i78wt% ~~l:~L, ~~1-2 O)FAI4E cp0)9c,lltCLA ~:lt,J:85wt% '~itLt~ 
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9t;11tCLA 45.1 wt6A» 
10~12cCLA 46.8 wt6A» 
M 1-1 
i'Zl: 1-2 1-2 
~10~ 12cCLAJJ~Jm~ 
~.:r..A 7 Jv1l::OCJ;t 
iflj9t;11tCIA 7 t/ !}Jv.:r...A7 Jv 
NaOH-e(J)1J071<5J"M 
fR?t 2-1 




7 ? !lJvi.A 7Jv 
NaOH-e(J)1J071<~ 
4·2 
IS] 3-5 FFA-H-CLA 7J~G 9~11tCLA ~ 10~12~CLA O)*lJ'ITJI~ 
iUj~Lt!l /-Jvt'i~7Jv7J !J~1t::L-cWM!'lLt:: CLA ~1if*im~~ (FFA-H-CLA) ~tii~Q~ L., C. 
rugosa !J /{-~a--~ Ltc~.:r...A7 Jv{~, ~il, :JoJ:V~*f11JO~~]j.~b-ltt::1.ii~~;:J: 'J 9t;11tCLA 
~ 10~12cCLA ~~!'l Lt~ 
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a 3-3 FFA-H-CLA tJ~G 9c,lltCLA l:: 10~12c-CLA 0)~~ 
mA LauOH FFA FATE 
ATV7 ~ ~ ~ ~ 
tJm~~.f XATJv1~ IarotM 1664 664 1000 0 
im]~ rotf& 1587 348 524 715 
fli~ 1-lh 297 293 4 NDc 
fi5j-1·2d 516 51 435 30 
------------~~-!-~! ________________ 51 NDc 75 676 10~12c :t:..A T Jv1~ 2erot1tJ -745 ______ 285 __________ 430 _______ 30 ______ _ 
-CLA WM~ rot~~ 708 218 329 161 
fi~2-1h 204 201 3 NDc 
M~ 2-21 25 11 14 NDc 
fn~ 2-3d 310 0.8 284 25 
'~~ 2-3d 152 Nl)c 19 133 
Pi<*1i1JO 154 0.6 153 NDc 
--9c~ffi ____ no~3Q~g---------------if4 ______ 257 __________ 457------~~------
·cLA WM~ x.A 7 Jv{~ 3h rotM 760 303 457 NDc 
rotf& 717 135 207 375 
fli~ 3-1 b 110 107 3 NDc 
fli~ 3-2c 231 24 184 23 
~~ 3-2c 366 Nl)c 17 349 
""'q:.~ /M)tfj 1 334 Nl)c Nl)c 334 
JJOJk)J'-Mi 329 130 198 1 
fiJ)j-4·}h 128 125 3 NDc 
{i)j- 4·21 8 3 5 NDc 
il~ 4-3k 166 0.5 165 0.5 
~fi 4-2k 74 Nl)c 19 1 (TG54) 
s FFA-CLA/LauOH (1:1, mol/mot 1664 g), 416 mL 0)7J<, :toJ:V 20 U/g 0) G._ rugosa !J /{--ft~ 2 L ~ 
jt0)~1t~ O)OCJ;t~~:.Nt, 30°C~ 16 a&e:~9, 300 rpm ""t:~ Lf~tJ\ GfVt ~-ttt:.o 
h ~Wl~tf:: 120°C, 0.2 ~ 
c ~t±11:~~ (< 0.15 wt%)0 
d ~ii~tJ:: 190°C, 0.2 ~ 
e FFA(ii5j-1-2)/LauOH (1:1, mol/mot 745 g), 186mL 0)7J<, :toJ:V 30 U/g 0) C. rugosa !J r~--ft~ 1 L 
$it(J)~1i~ (J)ocr,t~':.Nt, 30t-c: 16 ~re:~9, 400 rpm ""(ti=!* Lt~n\ G&J,~, ~-ttt:.a 
f ~WJ~tJ:: 135°C, 0.2 mmHgo 
K M 1-2 ~ NaOH ~1Jn71<~ L t~ 
h M 1-2 ~1Jn7J<~, ~~Gnt;: FFA/LauOH ii.B'?~ (1:1, mol/mot 760 g), 190 mL (J)7J<, .toJ:V 
10 U/g (J) C. rugosa !J /{-~~ 1 L ~fi:O) 4 ..-:> o 7 7 .A ::r ~:.Nt, 30oc-c- 16 ~re:~9, 250 rpm ""Citt# 
l,f~tJ~ GJ)(J~, ~1f"f;:o 
i M 3-2 ~:. 0.5 N NaOH ~tJO;t, 400 mL 0) n -r.._:\=-~/""t: 3 @]jffitf:i Lt~ 
j "':\=-~/MJlli~~ NaOH ~1J07l<~Lt~ 
k ~iJ~tf: 200'C, 0.2 mmHgo 
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2.2 *.ILJ)iL,JitRBq.:t:A"TJVf~f=~~ 10t,12c..CLA (/)aMi~ 
fil~ 1-2 (}) 10t;l2c-CLA ~~~ G~~~&)Qf~&)~~ ... C. rugosa !J /{-~~fflv \-cfl}ft.:t:.A7 Jv 
ft~f-T0 t~ (~ 3-5, fi 3-3)o fi15! 1-2 (510 g) ~~ 235 g (}) LauOH (FFA ~~M L -c~.=t ;VA), 186 
mL 0)7J<, to J: tJ 30 U/g (}) C. rugosa !J /"-~~~JJU L, 30°C -r: 16 ~rt:t,, tl¥F Lf~tJ~ G** L 
t~ (.:r...A 7 ;v{t$, 20%)o ~i~~m.-~ L -c1~t~MJI~:\G LauOH (J)m1£~titJ1!iJ;tt~ FFA i007!~ 
@Jl&TQt~~,~~(J)J:? t~~tf:-c~Wl~f-T0t~ ~f ... 7filll (708 g) ~ 120°C, 0.2 mmHg C::~fi 
l, 99 wt% (}) LauOH ~1fT Qi/51 2-1 (204 g) t, 2 wt% (}) LauOH tJ~tm-t Q~if 2-1 (498 
g) '~~100 Lt~ ::. (J)j~~ 2-1 ~~~~n -cv \o LauOH ~~~T Q t~&)~~... j~~ 2-1 ~ 135°C, 0.2 
mmHg -c~ii L, 'it lv ~'(}) LauOH ~i/71 2-2 (25 g; LauOH ~A, 44.0 wt%; FFA, 56.0 wt%) 
~~~~Lt~ ~v\-r!, ~~2-2 r:f=l(J)FFA t FAI~E ~~®Tof~&)(J)*'if~tf~~~Lt~tJ~ ... fJii)!JX: 
71~5G~~~)J'iiltt o ::. t ri-r:~ t~~:\0 t~ -t::. -r:, Wi?t9=J~O) FFA O)@Ji&~O)rRJJ:. ~ ~ m L -c~.t 
m 2-2 (467 g) ~ l90°C, 0.2 mmHg -c~WJ L, fi?t 2-3 (310 g; LauOH, 0.3 wt%; FFA, 92 wt%; 
FATE, 8 wt%) t~!i~ 2-3 (152 g; FFA, 13 wt%; FATE, 87 wt%) ~~JtlliD Lt~ if?t 2-3 (}) FFA iOO 
)t(J)ij~J)Jj-JiJJX:,J:, 0.6wt% O)i-v-1 /M, 3.4wt% (J)9c,11tCLA, 86.3wt% (}) 10t;12c-CLA, 
to J: V 9. 7 wt%0)~(J)(tf! CLA -~t11*-r!cb 0 t~ 
2.3 Jjj(Jli"4"1.Jcf=~~~ CLA 11i*l3~'CJ FALE O)IJ*.zi: : 10t,12c..CLA O)i&JJ:Mil 
if?t2-3 ~~ 9.7 wt% ~~no, ~CLA ~P1<*1t1JO~~-r:~~TQf~&),~-tO)~tf~~WLt~ 
flk(J)A:(J)i/7t2-3 ~~ 10 g (J)GK*, 50 mL (J).:t:~ J-;v, 4 mL 0)7J<~~JJOL, 65°C 0)~-ftcp 
-c:-~-c (})JJX7t7J~3~~~~T o ~ -r:tm Lt~ ::. 0)~~~~~ 10 ~rt:t,~:\~t-c 5°C ~ C::~k ~~l~ 
L, 1~GtLt~¥m~~~i&l~~J: 0 -c~~ Lt~ ~i~~~ 50 mL 0) 0.1N Q~)JQ;t, nb?t~ 50 mL 
(J) n -~~-if" /-r! 2 §1fl8tjj L, n -~q:--~ / ~~r-r!-\i~ L t~ ~... M1ttl~~ilJJX:~)!tlf L tc.o ~* 
~- 3-4 ~~~To FAI~E 'J:-t~-cO)~tJ:r-c:(J)PJ<*#1Jo-c:ttbt L -c5'6<C:'~~~n -cv\fc.o ~ 
- CLA -~t11*,J:, 5 g O)i{7f 2-3 ~~ 10 g O)pj(*~1Jo;t -cpj(*#1JO Lt~ ~ ~ ~~Alt~:JJ~J: < ~T 
Q::. t7J~~~t~ -15, FFA O)(E]J&$,J:pj(*ft1JOO)Jjjtf~~~{)i/Jt2·3 (J)fliJ\~< f~{)~i~'ltal\:L 
t~ :.nGO)Jffi*~£~~ ... FFA O)@JJI)[~J: lJ t~~{~~{I)t L -c, i/?t2-3 c!::*~O)WIJ~~ 1:2 
(wt/wt) tiJt~Lt~ 
**M11o~~13~toi/~2-3 tpj<~O)jiiJ~~~~ttt~O)-r:, ::.(})~*~~ Lt~tJ~0-cii0-2-3 ~:\~ 
~ CLA t FAI~E ~~-ft Lt~ (Ill 3-5, tl 3-3)0 -tt~t>i::>, 275 g O)W/0- 2-3 ~~ 550 g O)pj<*, 
2750mL O)x~ /-;v, toJ:V220mL 0)7J<~~OL~ 65°C ~~1JOtliil.~-c~-c(J)JJX'J!~MLf~iJ\ 
G~L, ~ 10 ft&t:t,~7J:\~t-c~O)~~~ 5°C *-c:~k,~l~~teo ~{l~ht~ttb~b~~~J: lJ 
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~~ L, 3 L 0) 0.1 N U~;si~,~~JJO~teo P1<*#1JO~nttir~0t~ FFA ~ 200 mL 0) n -~-3f 
-if"/~ 3 @lflEtfj L, n -~~~/,iX/~~v-~-,~J: ~if~ Lt~ 0&1\:, 137 g)o :_O)fif'F~~J: ~ ~ 
-CLA ~~ttf*O)~jt'J: 10 wt% n~G 1 wt% '~~o/ L, 10t;12c-CLA O)~II:'i 95 wt%~-c'J::n 
Lteo ttjO, ::_O)~Mt*iJ:fuO) 9c,11tCLA <!:: 10t;12c-CLA 0)~~~-'~Mo 10t;12c-CLA O)tl~ 
(£Af& 10~12c-CLA O)M~-to),i, 97% -c'dJ0f~ (fl 3-5)0 Pf<*fttJOO)~tf:~~t~::fR?t 2-3 0) 
-$~~ffl Lt~iJ\, ~-c(J)i/)t 2-3 ~PJ(*fttJO'~~ Lt~ ~f&~T Q ~, -)!!O))tOOJ~f''J=~::J:: o 



































a {i7:)' 2-3 O)ij~Jljj~il5X: : ;;tv~/~, 0.6 ~lo; 9~11tCIA 3.4 ~/o; 10t,12c·CIA 86.3 wt%, 
~O)fi!!O) CLA ~ltii* ~ CLA), 9.7 wt%o -
b ~CLAO)~t, 









2.4 fiLJiJ&L,iltR~IA"TJVftl::~~ 9c,11t-CLA O)iaMil: 
~~ 1-2 J:f:l(J) FATE t=p';:~~~ ~ttt:. 9~ 11tCLA (FATE ~:11:, 90 wt%) (J)~Mf~~1t0 t:. (Iii 
3-6, ft 3-3)o mlt& V /{-~~J:a:-~!IW.lC: L. -c FAIJE (J)~t¥]JJ07l<n'"M~~f1Lt:.iJ~, v \-9tl(J)M* 
t FAT~E ~£l(C:L-c~~L.t~tr~0t:.o .;c-:=.-c\ ~it 1-2 ti1j(O)J:5t~~lf-c'7Jv1JV1J07kn'"M 
(7/{~7:7'-M) Lt~ -t(J)w,t~ttri, 600 mL (J)::r.~ /-Jv, 60 mL 0)7]<, 45 g (}) NaOH iJ~G 
t~:5~~';: 150g (J)j~~ 1-2 ~JJo:t, ~*:a:-~~i6J7.f~iJ~G 60°C, 307tr~,ML-t:.o w,t~, m 
Eli~~;: 600 mL (}) 1 N U~fJo:t, ~ G';:4 N 0--c:' pH 2 ';:wA8L-t:.ow,t£!J~rt~lbo FFA ~ 
LauOH ti 200 mL (}) n -~~/-c' 3 @Jjffil±i L, im.t,J:.:r./-\~v-~--c'W/~ Lt:.o :=_0)--J.l(J) 
~it:a:-~t 5 @J1fv \, 750 g O)~:i 1-2 :a:- FFA C: LauOH (J)m~ (l&Ii, 714 g) ';:~~ L-t:.o ::. 
(7)¥Jt~q:t(J) FFA C: LauOH (J)ttJiJ~ 1:1 (mol/moD ';:wb8Tot:.~';: 46 g (}) LauOH :a:-~JJO 
Lt~ :=_(}) FFA/LauOHmili~ (760 g) ';: 20% O)Jl<~ 10 U/g (})C. rugosa !J /{-~~~JJOL., 
30°C -c' 16 ~rJ:I,, mt-:f Lf~tJ~ Gw,t ~itt~ (~::r..A 7 ;vft¥, 53%)o w,tf&, ~(I:,;:J: 0 -c@Jl& L 
t:.nall (717 g) :a:- 120°C, 0.2 mmHg c~i/Lt:.o 1~Gttt:.ii713·1 (110 g) ,;:,J:, 97 wt% (}) 
LauOH iJ~~~n, ~~ 3·1 ';:fJ: 4 wt% (}) LauOH, 34 wt% (}) FFA, :JoJ:V 62 wt% (J) FATE 
iJ~~*tL-cv\t~ :=_(J)fOO~rp(J)LauOH C: FFA ~~G';:~~TQt:.~';:, ?B3-1 ~ 190°C, 0.2 
mmHg c~ii'Lt~ 1~Ght:.Wf7t3-2 (231g) ti 10wt% O)LauOH, 80wt% (J)FFA, 10wt% 
(J)FAT~E c~JJX:~h,~3-2(366g) ';:'J:5wt% (J)FFA,95wt% (})FATE -rmJJX:~tL-cv\t:.o 
FAT~E :a:-~~TQt:.~';:,?B3-2 ';: 300mL (7)0.5NKOH (20% :r:.~/-;~~ :a:-~JJOL, 
FAT~E ~ 400 mL (J) n --""~~/-c' 3 @]flijlfj Lt:.o f~:t3, n ·-"=¥-~/fi:t:/-\~v-~--c'ii~ L, 
334 g (J)tml±i~~1~t:.o 
1~Ght:. FAT~E fi NaOH/:t:~ / -;v~&r:f:lc1JO~lffi. L. -cfJ071<~ (Q-/{~?J'M) L.,, ~Gt1tdJ07l< 
7:7~ (FFA C: LauOID 'i~t!l:~tJ:r, n -.A.-~~/-c:-§1!& L.,t~ ::_0)~~ (329 g) ';:~{%75Cjy-$ 
~J::~fQt:.~ 55 g (7)~77 ?-ns~ft:JJO L, 120°C, 0.2 mmHg c~ii L.,t:.o 1ij:GtLtc.ii5J" 4-1 ~;: 
~J: 98 wt%(7) LauOH iJ~~~n -c:t3 '9 , ~ 4-1 ';:'J: 1 wt% 0) LauOH, 76 wt% 0) FFA, 1 wt% 
0) FAI.E, 22 wt% 0) ~ V 7~Jv7" !J ~o-;v (TAG) -c'tJi/JX:~h -cv \f:.o :_0)~~ 4-1 ~~G 
LauOH ~~~TQtc.~, 135°C,0.2mmHg c~i{L.,t:.o ~~Gntcfe~4-2(8g) ';:''J:38wt% 0) 
LauOH C: 63 wt% (J) FFA iJ~~~n -c:t3 '9 , M 4·2 (242 g) ''i 0.2 wt% (J) LauOH, 76.7 wt% 
(J) FFA, 0.6 wt%0) FAI~E, 22.5 wt% (})TAG -c:tRJJX:~tt-cv \t~ 10~12c-CLA ~tr FFA 'i 
~K~MH~~~4-2 ~ 200°C, 0.2 mmHg c~ii L~JlL.,t:.o 1~Gt1tcil?t4-3 (166 g) 'i0.3 wt% 0) 
LauOH, 99.4 wt% 0) FFA, 0.3 wt% (J) FAI~E ~~GJJX: lJ, ~Mf~ L,f:. 9~11tCLA OOJ?t-c:NJQo 
t~:t3, M 4-3 (74 g) ';:'J: 25.7 wt% 0) FFA, 1.4 wt% 0) FAI~E, 72.9 wt% 0) TAG ~~~~n -c 
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v\t~ :.0)-}lO)~{'F~~J: 'J ,9c,11tCIA ~Il,J:93wt% '~JlL-,M,i96% -r:&,0t= <a 3-5)0 






























9c,lltCIA ~ 10~12c-CIA ':t~f~<)t~1::~t1~1fL -cv '~t~&0, =.0) 2 00):~~lt1f*~)tl00-t 
oit'ftrO)#i\r7J~~*tL -cv '~o MfW-c,~Rl¥J:r:..A 7 ;vfl:: ~ ~il ~*ll~~bitt~)tOOIJJ'lt~~~ L 
t~ Ltr~ L~fJ1tn-c~~t~JJ'lt-c:',:t, ~~JJOI'~~-c:'~ f~v 'LauOH ~}Jj{f~0)-0 ~ L -cfflv '-c:Jo 
tJ, ~t::*ff~O)-If¥-c:'f*JIJ Lt~Pi<*ftJJOil¥tffiR*~~ L -cv 'ot~&0~Jit1JOI'~~TQ:. ~ 
':t-c~ f~v 'o --t:. -c*fr]-c,:t, ~£*t-1 ~ L lftJffl-c'~ Q CIA ~~ttf*~WAI§U:-9 Q t~&0,~, CIA A 
~tt{4:7~Jv7'' !)to-;v~~rt,~J: 'J~PX:L, :.tt~ C. rugosa !]/{-~O)ij~f~!f.!i\~it1~flj}tJL 
t~~Rl¥JJJU7J<5J"M,~-t o JJ'lt'~ 0v '-c~n L t~m*~llli~Qo 
1.1 1) I ~--It' 
Rhizopusoryzae !]/ {-~ (!]/{-~ T) ''17? J.:r../~-1 A (00, RhizopusJaponicus !]/{-
~ ( !J !J /{-~ A-10FG) 'j:-j-jJt 'r A7 '/ 7 .A (00, The1momyces Januginose !J /{-~ ( !J /{ 
-~ TL), Rhizomucor miehei !J /{-~ (Novozyme 388), ~~1l:: R. miehei !) /{-~ (Lipozyme 
RMIM) 'i Novozyme 1±0)rfl.R&t!i¥*~J~~ Lt~ :.nG !J /{-~O)$t1'J:m 1 fW m 1 rJ: 1.1 ~~ 
~~ L t~1J'lt~ntUAi.: L t~ 
1.2 CLA 
FFA-CIA ~ ~,!) t !J './(J):r:.A 7 ;vfl::'~*(J)1J'lt 7s) '~ Lt~/J~0 -c1t0 t::o -tt~b't:>, 1 L $A 
(f) 4 0 1=1 7 7 A ::I'~ 600 g (}) FFA·CLA/7~!) t !) /'~ia (3:1 mol/mol), 30 g (J)~~1t R miehei 
!J /{-~~J\.tL, 250 rpm (J)@].~-c:' 50°C, 48 ~rJ:l,OOJ~' ~itt~ t~:JQ, :r:.A7 ;vf~'~J: lJ 4: 
J5X: L t~lk ~~±T Q t~&0 7 7 A ::1 '~~@~//~-L, 5 mmHg (J)~r-c'J&71< Lf~ib~ GLXJJ~' ~ 
itt::o ~tz:LXJJ~,~T~, ~!E1l1§;w~rot~N'~~L -c&JJ~,i~t~Jt~J&'? teL, ~Lv'8~1Jo;t 
-crwJ t:ft~~~.l <!:: L -c~ t:~tf:r-c'&JJ~,~~~t 5 ~ lJ Jl& Lt~ :r:.;A 7 ;v{~'i 5 @J(f)*l'J ll& L 
O)rt=f,, 88% £AJ:~W1f Lt~ T~-c(J)&JJ~,~~~ L, 5 mrnHg (J)~r~ 80°C, 30 7trt=t~Mi71< L 
t~1~Gnt~~i~ (2754g) ''i?J'T~ii~- [Wiprene2-03~; ~Y 11.::2.-~a /(00] ~~ .. ~L, 
~Jft~nt~7~Jv7"!)to-;v~~J!Lt~ ~{W~t:f:,'i, ~T210°C,0.02mmHg~~ilL, 350g 
(J)i¥/7,)-~ 2,399g (J)M~~~Lt~ M''i0.3wt% (J)FFA, 1.3wt% (J)~/7~Jv~!Jto-
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Jv (MAG), 18.1 wt%0)~7~Jv7~!)-eo-;v (DAG), 80.3 wt% (J)~!J7~Jv7'' !)to-;v 
(TAG) ~fAPX:~tL -cv \t~ (.~~&, :_(J))~;v7~ !J to-;vm~~ AG-CLA ~T6)o AG-CLA (}) 
7/fl::flffi'i 199.5 mg KOH/g ~9J t?, -t"(J)ij~JVJ~llJJX:~fi 3-6 '~~To 
CLA 


















'J"mm0)1J07i<n'1W,i, 50 mL $1t(J);f :/ l=l/{~ 7 ;v1fl~)=PciT0 t:.o AG-CLA (2.0 g) ~= 2 mL (J) 
li<tm~:a(J) C. rugosa !J /{-~~1Jo;t, 30°C C' 16 ~rJ:t9, 500 rpm C'ti¥-F Lfti6~G&J;t~itt~ 
~ t;:.:kmm(J)1J07J<n'1W'i, ~ L:*JifiX:(J)&~Jti~~ 10 L t L < 'J: 2 L $Jl(J)rot~ fMDL-1000, 
MDS-U200; A~/{~ ~.:r../:/.:=7(W] ~=NL, 30°CC' 16 ~rJ:t9, 200 rpm C'ti¥-FLfti6~Grot~ 
itt~ 1J071<n~¥¥,i11itt L -c~0t;::AG·CLA (J)-7/f~flffitroti~O)~f.r~Glftti Lt~ 
1.4 &Jtjit),i;O) FFA ~7~)~~ 1)-t!C-J~O)~lij 
roti~ (4----lOg) ~~50mL0)0.5NKOH(20%.:r..7' J-;vfl{~ iOJ:V, 70mL(J)n~~-lT/ 
~1JO;t, JT~~~:.-1i~H::7~Jv~l!)to-;v~~@Lt~ :.n~ 2 @l1T0t~~~, ij~Jljj~O) K ij[~ 
~fi7J<f§ ~, 4 N (J)UC' pH 2 '=IDA~ L, JJ071<0'1WC'~ L t~ FFA ~ 70 mL (J) n -~~-lf /C' 
2 §]tffitti ~tCo 7~Jv?''!J to-;vl@)j-t FFA iOO~O) n-~~1T/,j:.::t:/{~v-7'--c''i'~ Lt~ 
1.5 ~*" 
~':tO.l N n~G 1.0 N (J)KOH ~$i~L -c*~t~iMJJ~Jltj~(J)Mit'J:Hn~Gllte Lt~ 
ij~})jjM(J) :J. 7 ;v:r...A 7 ;v{~, j3 J: lJij~Jl/j-llJJX:O)JtfJT'±m 2 jft 1;g 1 J!lc'illi:A:tz:Jfl~ctf 0 t~ TAG, 
DAG, MAGjOJ:lJFFA(J)~it0-fJT,:tiitf.f~~!J 7J'T;vP ':1 l''';:.A~:;; ~ L, n -~~-if/:g.:r:. 
7;v:g (90:1o:1, $AJ:t) -c:'Jmlm~t~~, -/I?P¥~~'777.{-·F'ID?t~~ [TLC/FID 
7-J-7~ V" , Iatroscan :MK-5, .Y ~ o /(00] ~7tf}TL-t~ 
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2.1 9c,11t-CLA ~:I:O)ilL' FFA ~PJIIT Qf::cY)O)~M 
C. rogosa !J /-\-~.a:~!IWJitC: L, 71<5J'it, rot~rt:t,, !J /"-~~JJoA.a:t-tt~'t120, 30, 50%, 
10, 16, 24 ~rt:t,, i3J:lf0.3--100 U/g C:~ft~it-c, AG-CLA O)JJ07.k01W~ft.-:>t~ ..'f:O)~*' 
9c;lltCLA,iFFA C: L-c,lOt,l2c-CLA 'i7'YJv7~!Jto-;vC: L-c7ti00-c'~t~200)CLA ~ 
'tif*O))t@~j]~'i, JJD71<5J"fW~O)]j.~:.{t(1¥-t ~:. C: 1J~)t7J'l.-:> t~ -t:. -c', AG-CLA ~50% 0)7]<0) 
m±r, flkO):/iO) C. rogosa !]/"-~-c'30°C, 16~rt=t'j}J07J<0MLt~ &f;tf~, FFA C:7'YJv7~ 
!J to-;vOO])t~~~UIDL, (itijlf!U~rpO) 9c,lltCLA C: 10t,12c-CLA ~lt~JJ07.k5J"Wt'¥~~ML -c/ 
o 'Y r Lt~ (IS] 3-6)0 -T~Jm 'J, C. rugosa !J /"-~'i 10t,12c-CLA J: '? 9c,11tCLA ~ J: < ~­
L, 9c,11tCLA O)x.A7;VfffiEr~81¥J~~)JDJ1<5J"fWL,t~ JJ071<7J~1J~v\C:~, 9c,lltCLA C: 
10t,l2c-CLA O)iJ~tail~~x,J 4 0 9c,lltCLA O)tJJir (9c,11tCLA O)MC:-90) 'i~7J'l.-:>t~1J~, 
FFA O)!l)lA:'i~ir~0t:. (IS) 3-&A)o - JJ, 10t,12c-CLA 'i*LXJJ~~0)7'YJv7~!)to-;v@)1-~~­
m~n, -t"O)M':t 60--70% O)JJ071<7J'1r¥¥.-c'Jl~il (73%) ~:.JtLtc. (il 3-6 B)o 
:. 0)~*~}1~:., 9c,11tCLA ~-O)~v \ FFA ~1~0 tc.'th~~, 1@] ~ O)~JJ07J<5J"Wt,iAG-CLA/ 
71< (1:1, wt/wt) O)~~i~~~ 1.0 U/g 0) C. rugosa !J /"-~~~JJO L, 30°C -c' 16 ~rt=t,&lZ~it, 
1J071<5J~~~ 30% ~:_iff'Jm-~:. C: ~:. Lt~ 
















~ 40 40 0 ~10 40 40 0 I I j u ..... ... N 
0 ... 0 ... .. .. 
u .. 20 20 20 20 0 0) ... 
0 0 0 0 
0 25 50 75 100 0 25 50 75 100 
1JD7k~M$ (%) 1JI 1J< ~All$ (0/o) 
Ill 3-6 C.rogosa !]/-\-~~.fflv\t:.AG-CLA ' 071<0-M~~jav\-c, FFA:JoJ::V'7.Y;v 
7~ !J to-;vOOIJttFO) 9c;11tCLA C: 10~12c-CLA ~liC:JJ07J<0M~$s0)~00M 
AG·CLA(2.o g) ~~2.0 mL (J)lJ(~ 0.3, 0.6, 1.0, 2.0, 4.0, 7.0, 10, 30, :JOJ:V50 U/g (J) C. rugosa Y /{--it~~OL., 
30oC -r: 16 ~J:t~, M~t~tJ~GM~t~ (A), 1J07K~,~~~J ~ -3 FFA jOO?:)-(J) CLA Jl:f.tf*~-~ 9c;11tCLA 
~(B), 1J07Jc~~;:~~ 9 ~~~~v~Y~o-;vl007t(J)CLA. Atlf*~t~ 10~12cCLA ~ ~-J}(J)~ 
IJl : 0, 9t;l1tCLA ~A; e, 10~12cCLA ~:M; D, 9c;11tCLA CDU; •, 10~12cCLA ~ 
89 
2.2 1 Ot, 12c-CLA 
2.1 c~~t:. AG-CLA (f) 1@] l3 (J)1J07J<~c\ 10~12c-CLA 'i7~Jv~l !J -eo-Jv@~,~­
~nt:.iJ~, 10~12c-CLA O)K~l~]i 65% 1:9J0 t~ J: 'J MO)~v \ 10~12c-CLA ~.fQ~~~-t {) t-:.. 
~~~, 1 @] l3 0)1J071<n~ci~ ~nt:. 7 ~ Jv~l !J to-1v (AG-Ist) ~::<~lt/J07J<n~T ~ =. ~ ':. L t:.o 
AG-Ist ~WM~T ~ t:.&?, 50 g 0) AG-CLA ~ 50% 0)7]<0)1#£r, 1.0 U/g 0) C. rugosa !J /" 
-~~1JO:t -c 30°C1: 16 ~r~,1J07J<)J~ L (/J07J<5J'1.J¥¥, 31 %) , 7 ~ Jv7'' !J -eo-Jv~ n --"=f--lf /1: 
Hate Lt:. (it)(-, 31.2 g)o 1~~:ht~AG-lst t:pO) 9c,11tCLA-2;-Ji 24 wt% -c:&> 'J, 10~12c-CLA ?; 
AJ±44wt% 1:9J0t~ :.O)AG-lst ~ 2 @J§O)JmRJ¥JJJD71<7J~~0)£1{~ L -cULt~ 
AG-lst(2.0g) '~2.0mL 0)7]<~flkO)JtO) C. rugosa !)/{-it~JJn;t, 30°C -c: 16pey:rr.t9, ~ 
Lt~iJ~~'f*fqLt~ ~1~7~Jv7"!Jto-Jv@l~t:p0)9c,11tCLA l:: 10~12c-cLA 0)-2;:fi~JJ07J< 
n"1r¥¥~~%tL -c7o ~ ~ Lt:. (~ 3-7)0 10~12c-CLA O)-a:fi,J:1JD7J<5J'1.J¥¥iJ~J:~-t~':.0ttJWDL, 
-t"O)?;:ilti 60'"'-'70% 0)1JD71<n"1r¥¥c'il:~ili (57 wt%) ':.it L, 10~ 12c-CLA O)M'i 80% -c:~ 
0 t~ ::. 0)~*~£,~, 10~12c-CLA ~JJi-2;1f-t ~~.fQ~WM~-t ~ t~~O)JJ071<7J~'i, AG-1st/71< 
(1:1 wtlwt) O)~~i~'~ 15 U/g 0) C. rugosa !J /"-~1r~JJD L, 30°C -c 16 a~rt:t,, tit# Lf~7J~ G!X 
pt~it, ~O)JJ071<7J~f$<~ 60'"'-'70% ':.mtHjp-9~ ::.l:: ':. Lt~ 
80 80 
-
' ~ 0 
-
- 60 ~ ';/!. 60 
i • _. 
:3 
• 40 40 0 ~ra I u 
:3 N ... 
0 .. ... 
20 0 20 ... 
0 25 so 75 100 
li] 3-7 C. rugosa!) /"-~~fflv \f~AG-1st O)~Q7J<7j-M,~:Jov Y"(, 7~Jv7'' !J to-
JvOOJ)tO) 9c; 11 tCLA ~ 10 t, 12c-CIA ~-~ JJ07J<?JM,~t~O)tflMMf*' 
AG-lst (2.0 g) ';: 2.0 mL O)lJ< C: 4, 7, 10, 15, 20, 30, :to J: rJ 50 U/g 0) C. rugosa !J /{-wft~mno L, 30oC "1: 16 
~rdt Mct~]j~GM~t~ rc,-ij-O)IDi~: o, 9a11tCIA ~:a; e, 1o~12c-CIA <rra:fi; •, 1o~12c-CIA 0) 
Mo 
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2.3 1 Ot, 12c-CLA 
AG·lst ~ 2.2 -c~.r<t~~tt-c'imRJ¥JJJ07J<~ML-, .:C0)~~0)*0'M7~Jl/7~!J~o-Jl/Jmj?:)-~ 
AG-2nd ~ Lt~ 10~12c-CLA ~~~~~1f-t:O FFA ,J:, AG-2nd ~~RI¥J~~JJ071<7J'MTQ ~ 
~ ~~ J:0-cWl3tw:-t;o ~ ~ ~~ Lt~ 
AG-2nd 0)~1J071<7J'M~~~ Lt~M*~imR-9 Q t~~~~,AG-2nd ~~~fi:O)J1< ~ 200 U/g 0) 
T. Januginose !J /{-~, R. Japonicus !J /{-~, R. miehei !J /{--ft~~JJO L-, 30°C ~ 16 ~rt:t, 
1J071<5J'ML-t~iJ~, 1J071<0~'J: 50% ~~~Lf~i6)0t~ - jj, 200 U/g (JUU:ll) 0) C. rugosa !J / { 
-~~~!1!9Jk~ L- -c AG-2nd ~JJU71<7J'MTQ ~JJ071<7J'M¥'i 90% Yl:~~l¥L-, FFA jiij?:)-J:f=lO) 
9c, 11tCLA, 10~ 12c-CLA ~jiJJ: AG-2nd J:f:lO).:C:(L~(LO)~~ttf$:0)~:1; ~ -~ L t~ ~ O)~*tJ:, 
iUU-0) C. rugosa !J / {-~~~-t :0 ~ AG-2nd ~~I¥]~~1J07kn'M1:~ Q =. ~ ~~ L--cv \ 
;oo .:C =. -c', ~11071<0'-M~~~,~t~ C. rugosa !J /{-~Jt~?Jc~:O f~~~~' AG-2nd ~50% 0) 
7J<0)1R'£r, fik O)iiO) C. rugosa !J /{-~~JJo;t -c 30°C -r 16 *rt:t,, tm LftiJ~ G1*fzy Lt~ JJO 
71<?-J\.fr¥¥~ 200)CLA~~t~f*O)~:il:~ft 3-7 ~~~To 1JD71<0'1r¥¥,J:!J/{-~-O)!WJO~ ~t~~l: 
~ L-, 200 U/g YJ:O) !J /{-~~~TQ ~JJU71<0~'J: 90% Yl:~~~Lt~ 1J071<0'M~¥73~ 50% 
~rO)c!::~, FFA ®)tt=JlO) 9c,11tCLA O)~jlJJ:, WttiW-c'~:O AG-2nd lflO)~ilJ: '?~< ft 
'? , 10 ~ 12c-CLA O)~jiJi AG·2nd t:Jl O)~ft c!:: fRJ C ~&>0 t~ =. O){FS*'J:, 1J071<0~iJ~iftv \ ~ ~ 
~~, C. rugosa !J /{-~O)ij~JW~JrttitJ~~60 GtLQ =. c!:: ~~ L -cv \:Oo L7)) L, JJ07J<n'M~iJ~ 80% 
~J:J~ft0 ~, FFA @)t9=JO) 2 00) CLA ~tif*O)~:fi,J:, AG-2nd tpO).:C.fL.:e'tLO)~:!i~-~L 
t~ :_0)~*~£~~, AG-2nd 7J)G 10~12c-CLA ~~~1fTQ FFA ~WlO~TQt~6lJO) !J /{-~fi 
'J: 200 U/g ~~IEL-t~ 
!)/{-~j\: 1J07k?1JW'i< CLA~A (wt%)h 10~12c-CLAMc 
(U/g) (%) 9c,11t 10~12c (%) 
Od - 13.7 57.0 80.6 
80 44.2 16.3 57.0 77.8 
120 78.3 13.5 57.7 81.0 
200 90.6 13.0 57.8 81.6 
400 91.2 13.3 57.2 81.1 
a AG-2nd (2.0 g) ~~ 2.0 mL 0)7J<c!:: 80, 120,200 :JOJ::V 400 U/g 0) C. rugosa !J /{-~~l&JJOL,, 
30°C-c- 16JWtr~,M L,t~7)~ t>M t., t~ 
b FFA fiij5}tp0) CLA ~tif*CJJat, 
c FFA fiij?:)-tpO) 9~11tCLA c!:: 10~12cCLA O)~fi~~~,j ~-Q 10~12cCLA. ~ 
d AG-2nd tpO) 2 ~O)~~i*CJJa:ac!::, 10~12cCIA ~ 
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2.4 9c,11t-CLA 13~tt 12c-CLA ~-~~9 (> FFA (]) ..... · 
:.n~'C'O)~ft~~J:: '?, 9c,I1tCIA jOJ::tJ 10~12~ClA ~-2;1-f FFA ~~~TQt~&'JO)rot~ 
flf~Nfli-tQ:.~iJ~'C'~t~o :_O)*li.*~£~~, ~ffl1~1::~~m)l:L-c 9c,11tClA 13J:LJ 
10t;12c-ClA 0)~-2;~ FFA O)*mmlt~~1T'=>f~ =.O)~~'J:M*rot~~tnit-r~JJX:~tt -c:Jo 
'J, --tO)-=FJI~~~ 3-8 ~~' ~f~~O)~*~· 3-8 ~~~To 
AG-CIA (2.0 kg) ~~ 2.0 L O)Jk~ 1.0 U/g 0) C. rugosa !J /{-~~JJQ;t, 30°C 1:16 ~rJ:t9M 
Lt~iJ) Grot~itt~ {1J07J<5J'1f'¥¥, 31%)0 rot?~7~r~G@J~ Lt~ns~~ 70°C, 5 mmHg -rmvJ< L -ctJ~ 
G~{i~~~ Lt~ tfE~O) FFA rp'~'J:*'~ 6wt% 0)/{Jv~ -T/~~Iv\:l.t \f=0)1:,~1JJ'::_ 160°C, 0.1 
mmHg c~i/ LH~J1J5~~~ Lt~ :.O)~~'::.J:: tJ Mfl~ 8I g O)Jfif5J" 1-1 (/ "Jv3: -T/~A:, 16 
wt%) ~, 1729 g O)j~jt 1-1 ':_5-J\.OOfLt~ ?jz'::_j~l I-I~ 190°C, 0.02 mmHg c~{i L, 423 g 0) 
W/)t 1-2 ~ 1301 g O)~jf I-2 ~=~iliDLt4 ~51 I-2 'J: 9c,lltClA ~~'2;1-f-tQ FFA IOO?t-rlb 
'? <6, 200mgKOH/g), 9c,IItClA ~ 10t;12~ClA O)~A:,J:-t-tL~t149wt% c 18wt% -c: 
lb '?, 9c,lltClA O)~jfll!!]J: 72.9% \:bJ0t~ 'it=, -ilO)~f'F'::.J: Q 9c,lltCIA O)@JitK$'J: 33% 
C'bJ'=> t= (ft 3-9)0 
t 5-00)~tif*\:lbQ 10~12cClA O);Wj'@;:f-f~~'i?~~ I-2 tJ~GIDA~Lt=(ISJ 3-8, ft 3-S)o 
:. O)iiU~~::.'J: 9c,lltClA ~~illl-2;~-t Q FFA ;6)-2;~tL -c:Jo tJ, FFA O)m1£'i~~O) 
10~12c-ClA O)~M1~~~TQ0 -t-::. \:, _:_O)~FFA .a:-~ftTQt;:~,=~~ I-2 .a:- 210°C, 
0.02mmHg c~iiLt~ 1~Ght;:if7}I-3(70g) 'i6Iwt% O)FFA~ 26wt% O)MAG, 13wt% 
O)DAG ~~L-c~\t~ -jj, ~~I-3(AG-lst; 1225g) 'J:0.3wt% O)FFA, 2wt%0)MAG, 
17wt% O)DAG, 81wt% O)TAG -r~!JX~tL, 23wt% 0)9c,lltClA, 44wt% 0)10~12~ClA 
~~L -cv\t;: (10~12~CLA O)M, 65%)0 10~12cClA O)M~~ G'::.~~Qt=~'=W~ 1-3 
(AG-Ist) ~t 5-lt C. rugosa ~ /"-~-c'{XO)~lfc1J071<7J'-MLt~ ~~ I-3 '~~Ji0)7J<~ 15 
U/g 0) C. rugosa !J /"-~.a:-JJo;t, 30°C -r: 16 a~r~,, M Lt~iJ) Grot ~itt= (1JQ7]<7J~, 62.1 %)0 
ilEJIO) FFA (1062 g) 'J: 2 ~~0)~1¥{ (1 §I I§, 190°C/0.02 mmHg; 2 @l ~, 210°C/0.02 mmHg) '~J: 
'? ~~ L, M 2-2 ~§lltK Lt:. (ltlii, 379 g)o =. O)W~ (AG-2nd) 'J: 0.5 wt% 0) FFA, 1 wt% 0) 
MAG, 19wt% O)DAG, 80wt% O)TAG -c~PX:~n-cid'?, 9c,lltClA C: 10~12cClA 0)-a 
A'J:.f:tL-ttL 14wt% ~ 59wt% <:d:J'=>t:. (10~12c-ClA O)M, 81%)0 ~t=, -ilO)~f'F,~J:o 
10~12c-ClA O)@]l{){$'J: 32% <:dJ0tc(ft 3-9)o 
::_O)~'f·tB Lt~ 9~lltClA ~-2;~61'J: FFA 0)~~-c'lb '?, 10~12~ClA ~-2;~£':1: 
7~/v?"!} --eo-;v<:~oo of:::. c~~~~ 10~12c-ClA O).:r..A 7;v~ FFA '~ Lt;: (IS) 3-8, ft3-8)o 
M 2-2 ~~~jt0)7.f< ~ 200 U/g 0) C. rugosa V /"-~~JJo;t, 30oC -r: 16 ~r~,, M Lf~iJ~ G~ 
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~-tt (}]Q7J<n~, 90%; *mRJ¥JJJ07l<?J'1W)o ~f&, illl~~ 190°C, 0.02 mmHg c~fii L-, 259 g 
0)1j?j-3-1 ~ 57g O)~ft3·1 ~;:?j-IOOL-t~ il?13-l ~~'J:0.4wt% O)MAG c 99.6% O)FFA ;a~ 
-a-'*n -c13t?, 9c;lltCLA ~ 10~12c-CLA 0)-a-jt'J:~tL-=ftt 13wt% ~ 58wt% C::d:J0t~ 
(10~12c-CLA O)M, 82%) <a 3-9)0 =.n~ 2 ~0) CLA AJtif*~it'J: 10~12c-CLA ~-a-1f;~ 
Jv7'' !) to-;vt~JlrJ ~~i 2·2) J:flO)-a-Jl:~~~Lt~ =.0)----J.lO)~f'p~;:J: '? 1~Gttt~ 10~12c-CLA 





~ij (210t, 0.02mm.Hg) 
AG-CLA 
~ ~if (160°C, 0.1 mm.Hg) 
¥~ 1-1 
(AG-Ist) 




?~ 2-2 tAG-2nd) 












~t 1-3 (AG-1st)i 1225 
1J071<7J'M&JJ~\ 2c 1062 
{j5} 2-1 e 609 
~i2·1e 446 
~~2-21 379 
1J071<?J'Mrot 3h 323 




































a ~ CLA AM:'f*C7)~~1J t~Jb,i@ 3-2-1·3 ~w~ L t~JJi'~~~ L t~iO~v \8 L tc.a 


















c AG-CLA (2.0 kg) , 2.0 L C7)7J<, iO J: rJ 10 U/g (7) C. rogvsa !J .~~--tt~ 10 L $i!C7)~1t~ (7) 
&J~~~~~J\.h, 30°C-c:' 16 ~r~,, 300rpm ~MLt~iJ~GMLtc.o 
d ~{i~lf : 160°C, 0.1 mmHg 
e ~fll~tf:: : 19<tC, 0.02 mmHg 
f ~fn~tf : 210t, 0.02 mmHg 
K AG-Ist~ 1·3) ~~it(l)Jk, 15 U/g (7) C. rugosa !J /~--tt~ 10 L $:fi(7)&J~~~~~}\.h, 30°C~ 
16 ~r"',, 300 rpm -c:M Lt~iJ~ GM L t=.o 
h AG-2nd (?~ 2·2) ~ ~~C7)7J(, 200 U/g (7) C. rogvsa !} /~--tt~ 2 L ~j1(7)(7)lXJ~~~'~At1, 30°C 
~ 16 ~rJ:t,, 300 rpm -c:M LttiJ~ GM Lt~ 
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2.5 9c,11t-CLA ~-~*9~7~J!_,~1)-f!C-JIAI)~n£ 
~C'~A:-c~t~?t®JJrt~!*ffl-to C:, 10t,12cCLA ~~~lfTo FFA C:7~;v~l~to­
;v~~ ~~~T Q :. ~ iJ)C'~, 'it~ 9c, lltCLA ~~~lfT o FFA ~Jfp ~IDM~-9 o:. t iJ)C'~ t~ 
t L- 2 00)-~t~{$:0))J'q-~~~Jfu;tt~t~~Q~1::i!€-totctG, 9c;11tCLA ~~~~To 7~;v7'' !J 
t P-Jv~~O)~~~~,pt\r L -c:JotJ~tct~t:hAift Gftv 'o .-f:. cjif&~~, 9c;11tCLA ~~lf FFA 
C: 7'' !J t !J '/(J)x:A. 7 ;v1t~~-r 0 t~ (IS] 3-8)0 
~)t 1-2 ~HC: L, 1.2 '~~C*XLt~JJrt (AG-CLA (J)~)D ~=~t:t~wt~1T0t~ fli?t 1-2 
(271 g) ~;:7'' ~ t !J '/ (29 g; FFA -~~xt L -c 1/3 -=c;v) t l1!il~f~ R. miehei !J /{-~ (15 g)~JJQ;t, 
50°C C'OO*LfctiJ~G, *f~ 5 mmHg (J)~TC'x.A7;vfl::~:.J:0-c~L -c< 071<~~~ LfttJ~ 
G~~itt~ :.(J)x:A.7;vf~(J)*-Iaey~f~~ISJ 3-9 '=~-to FFA O)~JIJiwt~~,O)UC: C: t 
':.~p L, 48 ~r~,f&O).:r..A 7 ;vf~$'J: 92% ':.it Lt~ MAG 'J:wtOO~ilf&-t<''~:_~JJX:~tL, 7c0) 
~:it,J:4~r~,f&,;:Jll*1ill (15wt%) '~i!Lt~ ~t~ 1,3-DAG twt~~C: L -cJi~n~,::~te~tL, 
.-fO)~!iJi~tJJO) 10 a~rt=l,* C''J:JIJJO L, 7r:O)f&~k ~=~P Lt~ 1(3),2-DAG ri 4 ~rt=l,f&n~G~tH 
~nt~tJ~, oo~~,r~9=t<D-2;:1lti 4% .b(TC'dtJ0t~ TAG ':t 4 ~rt=l,~n~G~PX:~n, -t-O)~it,:twt 
a~rt=l, C: C: t '::!W)o Lt~ ~'J: 48 ~rt=l,C'~i'!~'M',{X~~~it L, :. O)tJ\:~O)lXJ~t,i~':t 8 wt% 0) FFA, 
2 wt% O)MAG, 21 wt% O)DAG, :JOJ:LJ69 wt% O)TAGC'~!JX:~tt-cv'f~ :.~~1£ftC: 
R. miehei !) /"-~tJ~ 1,3-{}[~-ffJ~C'dtJQ :_ C: ~~liT Q C:, :. 0) FFA C: -7''!) t !) /X .A 7 Jv 
{l::'J:~O)J:: 5 '=~~-JLt~C:~;tGtL~o ~T\ 1(3)-MAG iJ~~JJX;~n\ MAG C: FFA O)x.A7Jv 
1t, dtJ0v'''i MAG ~±O).:r.:A.7Jv~~~:.J:0-c 1,3-DAG tJ~~/JX~tLQo 1,3-DAG ':i§JEI3"Jfct 
7~Jv~~ 5 't-c 1(3),2-DAG ~=~~~n -c7J~G, .:r:..A7Jv{tdJQv \'j:.:r.;;<=j-;v~~'~J: 0-c 
TAGtJ~~PX:~tLQo fctjO, &J~t,i~9=J~:_ 1(3),2-DAG 7Jij;'JiL7J LfctiJ~0t~:.~7J~G, =.0)--Jf 
0)1XJ,~,M-c7 ~ Jv~tJi~~~':.t~0 -cv 'o ~ ~ ;t GtLQo 
~f&~~, ~Jft~tlt~ 9~11tCLA ~-a1f7~;v~l !J to-;v,'i, wt~~n~G~-\Wt:t~:.J: "J *W~ L 
t~ (lSI 3-8)0 lSI 3-9 7J~G1~Gnt~b<Jt,i~ (261 g) ~ 210°C, 0.02 mmHg "C~fi L, 22 g 0)-\WiJ 
4-1 C: 234 g O)M4-1 '~~l@Lt~ ~~fiiD7}'~'J:0.4wt% 0) FFA, O.Swt% 0) MAG, 22.2 wt% 
0) DAG, jOJ: LJ 76.6 wt% 0) TAG iJ~~~n -c:JO "J, 9~11tCIA ~ 10~12~CLA 0)-alt'J: 
9c;11tCIA JWj-a1f FFA (-\W~ 1-2) i:pO)~Jt~-ifcLt~ (I! 3-S)o t L~-cO){j)t 1-2 ~ 
9~lltCLA ~~1f7~;v7"!J-to-;v~wm-tQt~~~~d Lt~C:i tL,:f, 9t;11tCIA O)@JJ&~ 
'J: AG-CLA lflO)~ii:~~xtL--c 27% '~f~Q C:*JJ~.ttt~ 
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:.ttGO)~*J: 'J, 9c,11tCLA ~~1f FFA 'J:ll!iiAE1t R miehei !J /{-~:H!lW.l~ ~t~!f' !J -e !J 
/ ~O).:r..A7;vf~':.J: 'J ~j)~J: < 7~Jv7''!) ta-;v~:.~~~~ Q =. ~~)~~~~, ~t:.~if~':t 




































7~/v~'!)--eo-;ve 4.4 3.6 9.0 13.5 58.6 10.2 81.3 
a ~n~hO) CLA ~'tif*O)~J.iJ± 9G11tCLA ~ 10~12cCLA 0)~-~j[J;:;;Jl:f:i Lt~ 
b if)t 1·2 (~ 3·2-1-3, ~ 3-2·1-3 ~~) 
c ~ 4-2 (~ 3-2·1·3, 2.5 ~~) 
d ii7J 3·1 (~ 3·2-1·3, ~ 3·2·1-3 ~~) 






0 10 20 30 40 50 
&Jt~nn (h) 
rs13-9 ll!!l~f~R miehei !J ,1{-~~.l~ ~t=:9c,11tCLA ~~1fFFA ~ ~"!) t !J /(J)::L:A 
-T;vft 
.:r..;A 7 ;vf~'J: 1 L (}) 4 007 7 .A ::I~;: 300 g (}) FFAI ~ !J --e Y /~~~ (3:1, mol/moD ~ 15 g (})(i!il~f~ R miehei 
Y /{--it_NL, 50°C ~MLtttJ~Gh"'='t~ ~t~&J;t,J:, 77 .A ::I ~-~~~~~t.., '""C 5mmHg (})~r-c: 
fr"'='f~o ~i}O)~J~ : e, FF.A; 0, MAG; ., 1,3-DAG; 0, 1(3),2-DAG; +, TAGo 
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3.-
~ m 11{i]-c',i, C. rugosa ~ /{-t!~!l$.l~ Lt= FFA·CLA(FFA·H-CLA) ~ LauOH O):::r.A 
7;v1t, ?#.Wl, P1<*#1JD~*!I.J?.~bito::.~~~J:0-c9c,lltCLA ~ 10~12c-CLA O)~~m§lJJ~ 
WMtt-z"~ Q:. ~ ~l£A:t::.o :_0)7Jtt'i~~t~JlJJ~WA~TQO)'=~ Lt~7J¥t-z",i9JQiJ~, *¥~elY! 
ffl ~no LauOH, **'iit~fl(:ER€-cw&) Gn -c" \ftv \ L, it:JlJJ~=-a~n -c" \-c,ift G ftv \? 'Y !/ 
:A (FAIJE) O)~{±~Y-tQ:.~t-c'~ft"\o -15~, 2~0)CLA :~~lt11*'i~ft0t=~~t1-a:-
1f-to::. ~n~G, ~ft0t~~~.a:-1f-tQ*HW11ttfQ~oo~ Lt="\~O)~~t5~<, ittfp*ft 
~ L -cfljffl-c'~ o CLA ~~tif*=O)~I@1JttO)$\riJ~~*h -cv \t~ -t-:. ~, AG·CLA .a:-]Jj{f~~ L, 
C. rugosa ~ /{-1t~fflv \f:-_JmRI¥J1JOJk?J'M~fljffl Lt:-. 9t;;lltCLA ~ 10t;12c-CLA 0)~-2;1f~~ 
O)WliJDlt.a:$v ~itt~ :_0)/ot A -z",'i, :ft~fl~s-c~&)Gn -cv \~ !J /"--~~ffl" \, ~t:-.~ 
.rpO)~ac~ffl ~n -c" \Q~i/¥t~f*ffl L -cv \~0 Lt~?J~0 -c, ::.0)/ot A -c:4:£~nt:-.~''i, 
it~u*~J ~ L -cfljfflRJFru9J '9, ~f})O) ~ ffJ~~ 0::. ~ iJ~~~ t~ 
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Jl~~ J-;t« (CLA) ~~1f-96Ujft~~tt~~ f@~,~~ft-c6;i:t5C}J$0)~~\JJ'lt'J:, 
1t£'::~JJO L~l&T 6:. ~ ~~6o -t-:. ~, M$~fljffl L, J:: ~ ~< ont~~'~lj}fj~~ 6 CLA -a-
1f1t£*f-1, ±t L-cJl~~ J-;~J7~Jv~,, ~--eo-;v (MAG) 0)~£1J7o--e.A'::~~\-c 
~~1Lt~ ~t~, ~)}iO) CLA O)~~t11ilf~;O~~ CLA :J4~t~Wlm~n~~~ CLA ~ttf*O)~fmt!iJf 
~~~mt L -c~ \6~n~~, M$0)ij~J)Jj~~tt~flj}fj Lt~ CLA ~~t!f*O))t@JJ'l~O)~jr\·r~~ 
l-ff4 
~-9\ ~L{t~Jt L-c~<ontf~'::¥t:JJO~tL-cv\6 MAG'~~§ L, CLA;O~~~Lt~MAGO) 
~~~t~ CLA O)~~JIJJ~ (FFA-CLA) ~ 7'' ~ t ~ '/O):r...A 7 ;v{t~f'i, ~,;m~O)-~ 
~dJo71<~1XJ~~,*~'::~ Lt~ ~:. 0 95% ~1::~" \5 ~"\:I.. .A :r ;v{t~{r~ 6:. t '~fiX~ L 
t~ t~:JO, FFA ii'~xt L -c 1 ~3 .:c-;vt0)7' ~ t ~ '/~~m" \t~x.A 7 ;vft,~:JO'-' \-c, 10 ~rt=t,~n~ 
~JBbl<~00~$-96 t ~MAG 0) DAG ~0)~~~~1Jll;t~tLof~~;O~fJl~~tLt~~ 2itt ~ 1 !ljj ~ 1 
I:IDo ~t~~ :.O)JBbJ<lXJ~~,~~00~~7J~~1t 5 t, MAG ~?f'M,~5C)J~J: < YTo:. t ~~~15t~ 
~2~ ml!lP ~400o 
DAG 0)7"~ to~ ~.A,'iilttffit (5oC) ~?F'M'~~)J$J: < ~1tL, MAG t DAG 0)-5'Ntmt'~~ 
To MAG AJi96wt% ~~l::~Lt=~2~ ~l!lP m100o ~"~to~ ~.A~~¥.lii~1t-?t=t 
15'::~v~$.~~~~~f=O)''i, lJzO)J: 5t~~tt,~J:o t~;t~nt~ 7''~to ~ ~.AO)~ 
*rfl~::'J: FFA, 7'' !J t ~'/~MAG, jOJ:LJDAG ~~WToo :.0) 4fi{J{O){t~O)rp~MAG 0) 
iit~~~~t~v\0 -11~ <~/{-~) 'J:r~~0)£1f,J:J:<~a-to~~, rnn~O)£if'J:'~t 
Jv ~~-Lf~v \ Lt=~~0 -c, MAG t~~t;O~[?ll{t L -cfi1!0){t~~~l?ll1t Lf~v \i~lf:~~~T 6 
t, MAG ~~ !J /{-it0)3 t t~ ~~~v \f~th DAG (f) MAG ~0)~~$;6~~,::J::~T 6 o :. 
O)~~{r£':: L -c1-T0 f=ittlii:r:.A 7 Jv{t,~J: '?, ~~rt=t,{r::ktJi'::~t-t o:. ~ ~~~~ t~~ 2 ~ 
~l!ljj ~2~3@0 
:. O)~i!ix.A 7 ;v{tO)&J~~'* ~''i~ b<J~~£~0)-~ (MAG) ~~1t ~1t-c~,::~a~nt~ < -t 
o:. t '~J: 'J ~ ~{r ~ t¥J1JrtD,::m-r~ito:. t ~~~15 t-::..o *f'~oo~~,~~~bD~~,r~n~GJ& 'J ttl-t-I 
~~M~~u:.t~<, ~~~~~~~~{r~;t-cl~~O)oo~~~§~~~O)~*~~i 
'::~th6:. t~~-c'~ oo Lt~~~0-c~2- ~ltln-c:~~-c~t~-,'i~ ~{t~m~Lt~MY 
O)&J~~~}f~ ~MT o c ~ (J)-~O).:C7';v,~f~ Q c!:: ~ ;t -cv \Qo 
~~''::~ 9t;lltCLA t 10~12~CLA ~~M'~~I00-96:. c!:: "'d::~t~ Candida rugosa !J /{-
-t!/J~ 10~12~CLA J: 'J 'b 9t;lltCLA ~ J: <~-To:. t ~~th, C. rugosa 9 /{-"f!"'a::~-c L 
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t~~Rl¥Jrot~fljffl L -c, rrHt&r:fu~(bo CIA-lt1:~~tfml*f-t~ L -cfflv\, 9~11tCIA ~ 
10~12c?CIA ~iiiM~~~~-to1flt~$\r Lt:: ~ 3 ~ m lltn ~ 1 riDo t.,n~ L, :_O)~JIJl~=.'i 
~ l¥J ~ L -cv \{) 9c,lltCIA c!:: 10~12c?CIA YY}~=.;tv--{ /~jOJ:lf§ l¥J ~TQ 2 00) CIA ~~lti 
1*~~0) CIA t-2;-~tL -cv \f~t~?l), 9~11tCIA jOJ:lf 10~12c?CIA -ltif*O)~M~£~~~ 
T Q:.. ~ ''i~~ t~tJ)0 t~ :..n G O)~j(O)~ff,J:, ~~tif*O)¥J~f~~JoJ: lP!:J!I!~ 
'=~v \-c~~ L< f~v \f~?1),2fiit0)§1¥J~~ti1*MO)CIA ~~v--1 /~i9~~1± t.,f~v \9c;lltCIA 
C: 10~12c?CIA O)IWJM~JfliJO)ijffljm-r:~~~~Lt~ ~v--1 /~~~f~v \~K~Jt !J ;-,~~7 
;vj] !J ~ftL, 9c,lltCIA ~ 10~12cCIA ~~51c-tQ CIA ~ltif*lm~~~~L, :.n 
~tfm)Jjf'~.f~ Lt~ 2 00) CIA Bfltif*O)~~i:*~~~1T--:>t::~*' 9c,lltCIA 0)-2;-AJJ: 93 wt%, 
M'i 96% ~=ilL, 10~12c-CIA 0)-2;-!i'i 95 wt%, *@'J: 97%,=-ll Lt~ ~ 3 ~ m 1 f{rj m 2 
riDo 
Ln~ L:.:. -c~~t::17'lte',J:, 1tJlu1JOI,=.d-r~ ftv \7 rJ !J Jv/ Jv::z-;v~l*'f.f0)-0~ L -c 
fflv\-cjOlJ, *t::~~O)-If£-c'f*JIJ Lt~P1<*#1JOif£~tftJlJJ1JDI~=.U-r~ttv \~*~U L 
t::t::th, :.O)JJ'l~~5ti®~nt:: 2 00)~ttf-*aJliJ ~ L -cf!Jffl-t~ :_ c ':t-c~ ttv \ ~=-cit£* 
fi C: L -cfljffl~~ ~ CIA ~~tif*~WAJ~T ~ t::thr:.., CIA -2;1f TAG ~M*it,=-J: '? ~JJX: L, ~tL 
~£1( C: L -c C. rugosa !J /{-~O)ij~~~lti~fljffl Lt~imRl¥JJJD71<5J'"M~=-J: ~51001./J'lt~~\r L 
f~ ~3- ~21frj}o 
~~t~freti~~-t~ CIA,J:,~1&0)~0)J: '? ~ G'=.ffi Lv *1refiO)~J!7J~Wl1~~tL -cv \~o 
*~c~\[ Lt~ CIA ~~Lft*'J (MAG-CLA) O)~£j~1fit, * t::, CLA Rltif*O))tfOOJJ'lt'i 
t 't:> G ti~ftRJ~ft./J'ltC'l.boo ~t~ft~~Jtili~W C: L -cWJ1~~tL -cv \o CLA ~tJ~t::fd£ 
rfJJ**10)!:EiWh¥t~ L -c, ~~O)mfti9)WJ1~~h~o 
100 
1. ~fB~ JJ~, ft,§,~/Jil!e 4D, 4-7 (2005). 
2. Pariza, M.W., S.H.Ashoor, F.S. Chu, and D.B. Lund, Cancer Lett. 7, 63-69 (1979). 
3. Takeda, T., Nikkei Biotechnology & Business 51, 94-96 (2005). 
4. Kramer, J.KG., N. Sehat, M.E.R. Dugan, M.M. Mossaba, M.P. Yurawecz, JAG. Roach, K 
Eulitz, J.L. Schaefer, andY Ku, Lipids 33, 549-558 (1998). 
5. Kepler, C.R., K P. Hirons, J.J. McNeilL and S.B. Tove, J. Biol Chem. 241, 1350-1354 
(1966). 
6. Pariza, M.W., S.H. Ashoor, F.S. Chu, and D.B. Lund, Cancer Lett. 7, 63-69 (1979). 
7. Pariza, M.W., and WA Hargraves, Carcinogenesis6, 591-593 (1985). 
8. Fritsche, J., R. Rickert, and H. Steinhart, in Advences in ConJugated Linoleic Acid 
Research, Volume 1, edited by M.P. Yurawecz, M.M. Mossoba, J.KG. Kramer, M.W. Pariza, 
and G.J. Nelson, AOCS press, pp 378-396 (1999). 
9. Chin, S.F., W. Liu, J.M. Storkson, YL. Ha, and M.W. Pariza, J. Food Compo. Anal 5, 
185-197 (1992). 
10. Kelly, G.S.,Altem. Med Rev. 6, 367-382 (2001). 
11. Fogerty,AC., G.L. Ford, and D. Svoronos, Nutr. Rep. Int. 38,937-944 (1988). 
12. Mcguire, M.K, Y. Park, R.A Behre, L.Y. Harrison, T.D. Shultz, and M.A Mcguire, 
Nutr. Res. 17, 1277-1283 (1997). 
13. Iwata, T., T. Kamegai, Y. Sato, K Watanabe, and M. Kasai, Jpn Pat 3017108 
14. Van den Berg, J.J.M., N.E. Cook, and T.L. Tribble, Lipids 30, 599- (1998). 
15. Gavino, V.C., G. Gavino, M.J. Leblanc, and B. 'fuchweber, J. Nutr. 130, 27·29 (2000). 
16. Nicolosi, R.J., E.J. Rogers, D. Keitchevsky, and JA Scimeca, and P.J. Huth, Arte.zy 22, 
266·277 (1997). 
17. Lee, KN., D. Kritchevsky, and M.W. Pariza, Atherosclerosis 108, 19-25 (1994). 
18. Kritchevsky, D., SA Tepper, S. Wright, P. Tso, and S.K Czarnecki, J. Am. CoD. Nutr. 19, 
4728-4778 (2000). 
19. Park, Y, J.M. Storkson, KJ. Albright, KJ. Liu, and M.W. Pariza, lipids 34, 235·241 
(1999). 
20. Wang, Y·M., S.M. Rahman, S.Y. Han, and T. Yanagita, J. Oleo Sci 52, 121-128 (2003a). 
101 
21. Sugano, M., M. Yamasaki, K Yamada, and Y ·S. Huang, in Adve11ces in Con;ugated 
Linoleic Acid Research, Volume 1, edited by M.P. Yurawecz, M.M. Mossoba, J.KG. Kramer, 
M.W Pariza, and G.J. Nelson, AOCS press, pp 327·339 (1999). 
22. Nakanishi, T., T. Koutoku, S. Kawahara, A M~ and M. Furuse, Neurosc1: Lett. 341, 
135·138 (2003). 
23. Iwakiri, Y, DA Sampson, and KG. Allen, Prostaglandins Leukot. Essent. Fatty Acids 67, 
435-443 (2002). 
24. Sugano, M., FFI Journal207, 2-5 (2002). 
25. Kelley, D.S., and KL. Erickson, Lip1ds 38, 377- 386 (2003) 
26. Riserus, U., A Smedman, S. Basu, and B. Vessby, Lipids 38, 133--137 (2003). 
27. Gaullier, J.M., G. Berven, H. Blankson, and 0. Gudmundsen, Lipids 3~ 1019-1025 (2002). 
28. O'Sha, M., R. Devery, F. Lawress, J. Murphy, and C. Stanton, Anticancer Res. 20, 
3591-3601 (2000). 
29. Park, Y, KJ. Albright, J.M. Storkson, W Liu, M.E. Cook, and M.W Pariza, Lipids 34, 
243-248 (1999). 
30. De Deckere, EA, J.M. VanAmelsvoort, G.P. McNill, and P. Jones, J. Nutr. 82, 309-317 
(1999). 
31. Yanagita, T., and K Nagao, IJErPffliJf5E 9, 194-196 (2003). 
32. Nagao, K, Y.·M. Wang, N. Inoue, S.-Y. Han, and T. Yanagita, Nutrition 19,652-656 (2003). 
33. Iversen, SA, P. Cawood, M.J. Madigan, AM. Lawson, and T.L. Dor•nandy, FEBSLett. 171, 
320-324 (1984). 
34. Britton, M., C. Fong, D. Wickens, and J. Yudkin, Clin. Sci (ColchJ. 83, 97-101 (1992). 
35. Huang, Y.C., L.O. Luedecke, and T.D. Shultz, Nutrition Research 14, 373-386 (1994). 
36. Adlot: R.O., S. Duval, EA Emken, Lipids35, 131-135 (2000). 
37. t't~Wf-'\:-=f, ~IIL~- ~S31m~, ~~JJ91c, JlJN(~~tt, ~IEfit~, ~IE-, #f 55 
@]fi$5R*. :M~:k#;n~ill§!t#h, pp 9 (2001). 
38. Iwai, M., Y. Tsujisaka, and J. Fukumoto, J. Gen.Apl Microbiol10, 13·22 (1964). 
39. Shimada, Y., K Maruyama, A Sugihara, S. Moriyama, H. Fujida, Y. Honda, and Y. 
Tominaga, J.Am. Oil Chem. Soc. 74, 1441·1446 (1997). 
40. Shimada, Y., A Sugihara, H. Nakano, T. Kuramoto, T. Nagao, M. Gemba, and Y. 'lbminaga, 
J.Am. OilChem. Soc. 74, 97·101 (1997). 
102 
41. Shimada, Y, A Sugihara, Y · awa, K Higashiyama, K Akimoto, S. Fujikawa, S. 
Komemushi, andY Tominaga, J. Am. Oil Chem. Soc. 75, 1213-1217 (1998). 
42. Tanaka, Y, T. Funada, J. Hirano, and R. Hashizume, J. Am. Oil Chem. Soc. 70, 1031-1034 
(1993). 
43. Shimada, Y, K Maruyama, M. Nakamura, S. Nakayama, A Sugihara, andY Tominaga, J. 
Am. Oil Chem. Soc. 72, 1577-1581 (1995). 
44. Yamaguchi, S., and T. Mase, J. Fe1ment. Bioeng. 72, 162-167 (1991). 
45. ~~'*~' r lf!Jf!M1jf/ifi"(J) 7 a / r ,f 7 J 1£m1f()i, f»P S3:16~, fo EBf~~f~, ~-:r:A ~-teJt&, 
pp 173-179 (2004). 
46. t=l~ W ~, fitJbJtJ1LftM Jff2/NJ $.ffJ,pp 13-24(1991). 
4 7. Aha, B., M. Berger, B. Jakob, G. Machumller, C. Waldinger, and M.P. Schneider, in Enzyme 
in Lipid Modi5cation, edited by U. T. Bomscheuer, Wiley·VHC, Weinheim, pp 100-115 
(2000). 
48. Holmberg, K, and E. Osterberg, J.Am. Oil Chem. Soc. 65, 1544·1548 (1998). 
49. Berger, M., and M.P. Schneider, J.Am. Oil Chem. Soc. 69,961-965 (1992). 
50. Hayes, D.G., and E. G~ Biotechnol Bioeng. 38, 507-517 (1991). 
51. Elfinan-BoJ.jessen, 1., and M. Harrod, J.Am. Oil Chem. Soc. 76, 701-707 (1999). 
52. Soumanou, M.M., U.T. Bomsvheue~ and R.D. Schmid, J. Am. Oil Chem. Soc. 75, 703-710 
(1998). 
53. McNeill, G.P., S. Shimizu, and T. Yamane, J.Am. Oil Chem. Soc. 68, 1-5 (1991). 
54. lrimescu, R., K Furihata, K Hata, Y Iwasaki, and T. Yamane, J. Am. Oil Chem. Soc. 78, 
285·289 (2001). 
55. lrimescu, R., Y Iwasaki, and C.T. Hou, J.Am. Oil Chem. Soc. 79, 879·883 (2002). 
56. Shimada, Y, N. Fukushima, H. Fujida, Y. Honda, A Sugihara, andY Tominaga, J. Am. Oil 
Chem. Soc. 75, 1581-1586 (1998). 
57. McNeill, G.P., and T. Yamane, J.Am. Oil Chem. Soc. 68, 6·10 (1991). 
58. Sugihara, A, Y. Shimada, andY. Tominaga, J.Biochem. 107, 426·430 (1990). 
59. 9 !lliHfJV!f!M!''JJ 'T~tHJl&t/?t-, pp 101-104, (1983). 
60. Shimada, Y., J. Ogawa, Y. Watanabe, T. Nagao, A Kawashima, T. Kobayashi, and S. 
Shimizu, Lipids 38, 1281-1286 (2003) 
103 
61. Pinsirodom, P., Y Watanabe, T. Nagao, A Sugihara, T. Kobayashi, andY Shimada, J. Am. 
Oil Chem. Soc. 81, 543·547 (2004). 
62. Sarda, L., and P. Desnuelle, Biochim. Biophys.Acta 30, 513·520 (1958). 
63. Benzonana, G., B. Entressangles, G. Marchis·Mouren, L. Pasero, L. Sarda, and P. 
Desnuelle, in Metabolism & Physiological Significance of Lipids, John Wiley & Sons, pp 
141 (1964). 
64. 13~ ftf!£ ~, rttJJm1LfMI! Jff2JtiiJ ¥~m,pp 1-5(1991). 
65. E(Wj ftf!£ lf, rttJJm1LftM m 2 JtJiJ ¥:tim, PP 44-46 (1991). 
66. Okumura, S., I. Naribayashi, andY Tominaga, Kagaku toKogyo, 61,89-92 (1987). 
67. Charlemagne, D., and M.D. Legoy, J.Am. Oil Chem. Soc. 72, 61-65 (1995). 
68. Ha, Y.L., J.M. Storkson, and M.W Pariza, Cancer Res. 50, 1097-1101 (1990). 
69. Nagao, K, Y-M. Wang, N. Inoue, S.-Y Han, Y Buang, Y Noda, N. Kouda, H. Okamatsu, 
and T. Yanagita, Nutrition 19,652-656 (2003). 
70. Haas, M.J., J.KG. Kramer, G. McNeill, K Scott, TA Foglia, N. Sehat, J. Fritsche, M.M. 
Mossoba, and M.P. Yurawecz, Lipids 34, 979-987 (1999). 
71. McNeill, G.P., C. Rawlins, andAC. Peilow, J.Am. Oil Chem. Soc. 76, 1265-1268 (1999). 
72. Shimada, Y., A Sugihara, and Y Tominaga: Enzymatic Enrichment of Polyunsaturated 
Fatty acids. T.M. Kuo, H.W Gardner (eds.) in Lipid Biotechnology. pp.493-515, Marcel 
Dekker, New York (2002). 
73~ Shimada, Y., A Sugihara, H. Nakano, T. Kuramoto, T. Nagao, M. Gemba, and Y Thminaga, 
J. Am. Oil Chem. Soc. 74, 97-101 (1997). 
7 4. Shimada, Y., N. Sakai, A Sugihara, H. Fujita Y Honda, and Y Tominaga, J. Am. Oil Chem. 
Soc. 75, 1539·1543 (1998). 
75. Shimada, Y., A Sugihara, M. Shibahiraki, H. Fujita, H. Nakano, T. Nagao, T. Terai, andY 
Tominaga, J.Am. Oil Chem. Soc. 74, 1465·1470 (1997). 
76. Shimada, Y, A Sugihara, Y. Minamigawa, K Higashiyama, K Akimoto, S. Fujikawa, S. 
Komemushi, andY. 'lbminaga, J. Am. Oil Chem. Soc. 75, 1213-1217 (1998). 
77. Shimada, Y, K Maruyama, A Sugihara, S. Moriyama, andY Tominaga, J.Am. Oil Chem. 
Soc. 74, 1441-1446 (1998). 
78. Arcos, JA, C. Otero, and C.G. Hill Jr., Biotech. Lett. 20,617-621 (1998). 
104 
1. Nagao, T., Y Shimada, Y Yamauchi-Sato, T. Yamamoto, M. Kasai, K Tsutsumi, A 
Sugihara, and Y. Tominaga, Fractionation and Enrichment of CIA Isomers by Selective 
Esterification with Candida rugosa Lipase. J.Am. Oil Chem. Soc. 79, 303-308 (2002). 
2. Watanabe, Y., Y. Shimada, Y Yamauchi-Sato, M. Kasai, T. Yamamoto, K Tsutsumi, Y. 
Tominaga, and A Sugihara, Synthesis of MAG of CIA with PemCilh"um camembertii 
Lipase. J.Am. Oil Chem. Soc. 79,891-896 (2002). 
3. Nagao, T., Y Yamauchi-Sato, A Sugihara, T. Iwata, K Nagao, T. Yanagita, S. Adachi, andY. 
Shimada, Purification of Conjugated Linoleic Acid Isomers through a Process Including 
Lipase-catalyzed Selective Esterification. Biosci Biotechnol Biochem. 67, 1429-1433 
(2003). 
4. Yamauchi-Sato, Y., T. Nagao, T. Yamamoto, T. Terai, A Sugihara, and Y Shimada, 
Fractionation of Conjugated Linoleic Acid Isomers by Selective Hydrolysis with Candida 
rugosa Lipase. J. OleoSc1: 52, 367-374 (2003). 
5. Watanabe, Y., Y. Yamauchi-Sato, T. Nagao, T. Yamamoto, K Tsutsumi, A Sugihara, andY. 
Shimada, Production of MAG of CIA in a Solvent-Free System at Low Temperature with 
Candida rugosa Lipase. J.Am. Oil Chem. Soc. 80, 909-914 (2003). 
6. Watanabe, Y., Y. Yamauchi-Sato, T. Nagao, T. Yamamoto, K Ogita, and Y. Shimada, 
Production of Monoacylglycerol of Conjugated Linoleic Acid by Esterification Followed by 
Dehydration at Low Temperature Using Penicillium camembertiiLi.pase. J. Mol Catal. B: 
Enzym. 27,249-254 (2004). 
7. Yamauchi-Sato, Y., Y. Watanabe, T. Nagao, S. Negishi, T. Kobayashi, and Y. Shimada: 
Production of Diglycerol Conjugated Linoleic Acid Monoester by Esterification with 
Penicillium camembertiilipase. J. Oleo Sci, 54, 481-486 (2005). 
8. Watanabe, Y., Y. Yamauchi-Sato, T. Nagao, S. Negishi, T. Terai, T. Kobayashi, andY. 
Shimada: Production of MAG of CIA by Esterification with Dehydration at 
Temperature Using Penicillium camemhertiiLipase. J.Am. Oil Chem. Soc. 82, 619-623 
(2005). 
105 
~mtoXNO)~~T~ '? ,1-~fto ::lf!fii~~~'? ~ lt~j(~,&mli:k$:k~Jc I~'-fiiJI~it * 
~~ J[~~, frl: ~~$!d~, fHill f1Jf1~~ ~~it!O)S~*L~-to 
*t~, -*iJf~O)~:JoJ:V~tf6x~¥A$-t{)':.~t:. VJ, ~~a1~'=1~v "t:.t!..~, - 1JftG 
~-~~~~ '? ~ Lt~, :k~L~JnliiH~Jf m* ~lE tltPJ1W±':.Jt'7J)G~~~J:f3 l_tJf~'i-to 
-*i1f~~1-r5~~r~v"* Lt:.IE V J-;viffi~~~t± t~ W~~a:, ~# JE~B:, ftGV 
~~f3r~:t-,{ V :t-7'';v---7l*i\:f?t± MiF ~~~~, M1iMEPJf rJf* *~ IEM$, ~Jf:& 
1fJ1J ~~J!!$, ~~iftlijijfi}~7tJf !J -~,,- tru~ ~:: ~~iW±'::.~ < 1~tLffl LJ~Jt''i-to 
~t:., *1i3f~~~-to'=~t=- '?, ~~a1~, 1~#iiv \t::_t:_=t3 j: Lt:., *~~ffilii~Jf 
~f~~~~~~ff: lk~~r~:tf±, ~~~~ill &tw±'::.~ < ~ijijv\t:.L~To 
*1ilfJ'-t~::.aJ7J)v"iij~fi~1~1J~~~'? ~ Lt:.rs !J ;-;vtmij~t$\:~t± iiJf~OO~li~, sr~;t-,{ !J ;t 
7~ ;v--/t$\:f?t± iiJFJi:rJf tA~ilflij~f4$7t!f t t. G a~::. f3 ¥~ ;t -1 !J ;t ~l';v--7t$t~t± ilJF'lErJTO)~ 
~'rl~~v "f:. L~To 
ilf~'::., ~'::.a~7J)< x:t -c < nt:.~,::.~t,7J)G~~~it-t L ~To 
106 
2006 ~ 1 )-j 
W-JJ*J &tt 
